ELECTROSTATICS 
ELECTRIC CHARGE 


Charge is the property associated with matter due to which it produces and experiences electrical and 
magnetic effects. The excess or deficiency of electrons in a body is the causes of net charge on a body. 


Types of charge : 

(i) Positive charge : It is the deficiency of electrons as compared to protons. 

(ii) Negative charge : It is the excess of electrons as compared to protons. 

SI unit of charge: ampere x second i.e. coulomb; Dimension : [A T] 

Practical units of charge are ampere x hour (23600 C) and faraday (296500 C) 
Millikan determined quanta of charge and estimated it to be equal to charge of electron. 
1C23 x 10? stat coulomb, 1 absolute - coulomb =10 C, 1 Faraday 296500 C. 


Note : Charge of fundamental particles (i.e. electron, proton etc.) is their internal characteristic while charge 
on a body depends on the number of protons & electrons inside the body. 


Specific Properties of Charge 
Charge is a scalar quantity : It represents excess or deficiency of electrons. 


Charge is transferable : If a charged body is put in contact with an another body, then charge can be 
transferred to another body. 


Charge is always associated with mass 


Charge cannot exist without mass though mass can exist without charge. 


e So the presence of charge itself is a convincing proof of existence of mass. 
e The mass of a body changes after being charged. 

e When a body is given a positive charge, its mass decreases. 

e When a body is given a negative charge, its mass increases. 


Charge is quantised 


The quantization of electric charge is the property by virtue of which all free charges are integral multiple of a 
basic unit of charge represented by e. Thus charge q of a body is always given by 


q = ne n= positive or negative integer 
The quantum of charge is the charge that an electron or proton carries. 
Note : Charge on a proton = (-) charge on an electron = 1.6 x 10°C 
Charge is conserved 


In an isolated system, total charge does not change with time though individual charge may change, i.e. charge 
can neither be created nor destroyed. Conservation of charge is also found to hold good in all types of reactions 
either chemical (atomic) or nuclear. No exceptions to the rule have ever been found. 


Charge is invariant 
Charge is independent of frame of reference. i.e. charge on a body does not change whatever be its speed. 


Accelerated charge radiates energy 


[v20 (i.e. at rest) v = constant v # constant (i.e. time varying) 
Om Q- 
Q Q Q 


produces only É produces both É and B produces É, B 
(electric field) (magnetic field) and radiates energy 
but no radiation 
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1.2 Conductors & Insulators 


Conductors : Materials in which the outer electrons of each atom or molecule are weakly bound and these electrons 


are almost free to move throughout the body of the material are known as conductors. 


Insulators : Materials in which all the electrons are tightly bound to their respective atoms or molecules are known 


as insulators. In insulators there are very few free electrons. Such materials are also called dielectrics. 


1.3 Methods of Charging 


e Friction 


If we rub one body with another body, electrons are transfered from one body to the other. 


Positive charge Negative charge 

Glass rod Silk cloth 

Woollen cloth Rubber shoes, Amber, Plastic objects 
Dry hair Comb 

Cat skin Ebonite rod 


Note : Clouds get charged due to friction 


Electrostatic induction 


If a charged body is brought near a neutral body, the charged body will attract opposite charge and repel similar 
charge present in the neutral body. As a result of this one side of the neutral body becomes negative while the other 
positive, this process is called 'electrostatic induction'. Hence induction is a phenomena of redistribution of charge 
on a body when any other charged body is brought near it. 


Charging a body by induction (in four successive steps) 


charging q'=0 charging | q-—ve charging q'=-ve charged 


body >. body | E body. Us body jam 
=O 50.59 "9 


q--ve 


charged body uncharged body uncharged body 


charging body 


is brought near is connected by is disconnected is removed 
uncharged body earth from the earth 
step-1 step-2 step-3 step-4 


In case of induction it is worth noting that : 

(i) Inducing body neither gains nor loses charge. 

(i) ^ Thenature of induced charge is always opposite to that of inducing charge. 

(iii) ^ Induced charge can be lesser or equal to inducing charge (but never greater). 

(iv) Induction takes place only in bodies (either conducting or non conducting) and not in particles. 
Conduction 

The process of transfer of charge by contact of two conducting bodies is known as conduction. 


If a charged conducting body is put in contact with uncharged conducting body, the uncharged body becomes 
charged due to transfer of electrons from one body to the other. 


The charged body loses some of its charge (which is equal to the charge gained by the uncharged body). 
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GOLDEN KEY POINTS 


° Charge differs from mass in the following aspects : 
(i) In SI units, charge is a derived physical quantity while mass is a fundamental quantity. 
(ii) Charge is always conserved but mass is not. 


(iii) ^ Charge cannot exist without mass but mass can exist without charge. 
(iv) | Charges are of two type (positive and negative) but mass is of only one type (positive). 
(v) . Fora moving charged body, mass increases while charge remains constant. 


e True test of electrification is repulsion and not attraction as attraction can take place between a charged and an 
uncharged body or between two similarly charged bodies. 


e For a non relativistic (i.e. v «« c) charged particle, specific charge L =constant. 
e Charge can be detected and/or measured with the help of gold-leaf electroscope, electrometer, voltameter etc. 
Illustrations 


Illustration 1. 


When a piece of polythene is rubbed with wool, a charge of - 2 x 107 C is developed on polythene. What 
is the amount of mass, which is transferred to the polythene ? 


Solution 
-7 
From Q = ne, the number of electrons n= Q ao z = 1.25 x10” 
e 16x10 
mass of transferred electrons = n x mass of one electron 


= 1.25 x 107? x9.1 x10?! = 11.38 x10"? kg 
Illustration 2. 


107? a—particles (nuclei of helium) fall per second on a neutral sphere; calculate the time in which the sphere 
gets charged by 2 uC. 


Solution 
Number of a-particles falling in t seconds = 10"t 
Charge on a-particle = -2e, So charge incident in time t = (10!7t).(2e) 
Given charge is 2 uC 
2 x 105 = (10't)(2e) 


10718 


fo 25955 
1.6x10 ? 
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BEGINNER'S BOX-1 


In a neutral sphere, 5 x 10?! electrons are present. If 10 percent electrons are removed, then calculate the 
charge on the sphere. 


Calculate the number of electrons in 100 grams of CO,. 
Can a body have a charge of (a) 0.32 x 1078 C (b) 0.64 x10 C (c) 4.8 x 10?! C ? 


A glass tumbler contains 1 billion amoeba and two sodium ions are there on the body of each amoeba. Find 
out the charge contained in the glass. 


How many electrons should be removed from a conductor so that it acquires a positive charge of 3.5 nC ? 


It is now believed that protons and neutrons (which constitute nuclei of ordinary matter) are themselves made 
up of more elementary units called "quarks". A proton and a neutron consist of three quarks each. Two types 
of quarks, the so called 'up' quark (denoted by u) of charge +(2/3)e, and the 'down' quark (denoted by d) of 
charge (-1/3)e, together with electrons build up ordinary matter. (Quarks of other types have also been found 
which give rise to different unusual varieties of matter.) Suggest a possible quark composition of a proton and 
neutron. 


A polythene piece rubbed with wool is found to have a negative charge of 3.2 x 1077 C. Find the 
(a) ^ number of electrons transferred. 
(D mass gained by the polythene. 


Two identical metal spheres A and B placed in contact are supported on insulating stand. What kinds of charge 
will A and B develop when a negatively charged ebonite rod is brought near A ? 


COULOMB'S LAW 


The electrostatic force of interaction between two static point electric charges is directly proportional to the 
product of the charges, inversely proportional to the square of the distance between them and acts along the 
straight line joining the two charges. 


Consider two points charges q, and q, separated by a distance r. Let F be the electrostatic force between these 
two charges. According to Coulomb's law, 


: r 
F æ q, q,and F x P or 669 


r? Fo ont qı Gz le? qi 


kq1q2 
di where | k = 


-9x10?N-m?/C? |k = Coulomb's constant or electrostatic force constant 


T Eq 


2.1 Coulomb's law in vector form 


E = force on q, due to q, = Kanda f CT CM. 
12 qı q2 r? 21 q; d qə 


et ki 
Fy; = ue f,. (here fj; is unit vector from q; to q; ) 
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2.2 Coulomb's law in terms of position 
vector 


2.3 Principle of superposition 


Coulomb's force is a two body interaction, implying that electrical force between two point charges is independent 
of presence or absence of other charges and so the principle of superposition is valid, i.e., force on a charged 
particle due to a number of point charges is the resultant of forces due to individual point charges, i.e., 


=> 


F, = Fat Fg Fes Fin 


When a number of charges are interacting, the total force ona given charge is vector sum of the forces exerted 
on it by all other charges individually, 


i * 2 n 
n 2 i 1n 


E kaod; 3 + Fdo ENT KG 5 p Kq0n ; 
r Yr, 


In vector form F = kqo p» a i 


i Yj 
2.4 Equilibrium of charged particles 


In equilibrium, net electric force on every charged particle is zero. The equilibrium of a charged particle, under 
the action of Coulombian forces alone can never be stable. 


° Equilibrium of three point charges 
4 X 
e—a 
(i) Two charges must be like in nature as F, = Roq Raa =0 Q; q Q, 
X (r- x) «MM EE > 
K K 
(i) ^ Third charge should be unlike in nature as Fy = Qs + Qq =0 


r X 


Therefore X = Lm and q= OQ; $ 
JQ; + JQ, (JQ, + JQ) 


e Equilibrium of symmetric geometrical point charged system 


Value of Q at centre for which system to be in state of equilibrium 


q - q 

e Nw, 

q q q a q 

(i) For situation (a) Q = m (ii) For situation (b) Q = aoe 
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Equilibrium of suspended point charge system 


For equilibrium position 


kQ? E _kQ? 
T cos0 = mg and T sind =F = : > tand=— => 
j x mg x^mg 


e If 0 is small then tan0 zx sin0 = 2; 


=.= 2... >X 


x kQ? 2kQ?/ Qu B 
á- => x -| —* 
2(  x'mg mg 


e If the whole set up is taken into an artificial satellite (g „~ 0) then T = F = a 
q 


180° q 


GOLDEN KEY POINTS 


Coulomb's law is based on physical observations and is not logically derivable from any other concept. Experiments 
reveal its universal nature till today. 


m,m 
The law is analogous to Newton's law of gravitation : F = G 2 2 with the difference that : 


(a) Electric force between charged particles is much stronger than gravitational force, i.e., F; >>Fg. 
Consequently F, is neglected when both F, and F, are present. 


(D Electric force can be attractive or repulsive while gravitational force is always attractive. 
(c ^ Electric force depends on the nature of medium between the charges while gravitational force does not. 


The force is conservative, i.e., work done in moving a point charge round a closed path under the action of 
Coulomb's force is zero. 


The law expresses the force between two point charges at rest. In applying it to the case of extended bodies of 
finite size care should be taken in assuming the whole charge of a body to be concentrated at its ‘centre’ as this 
is true only for spherically charged bodies, that too for external points. 


Electric force between two charges does not depend on neighbouring charges. 


The net Coulomb's force between two charged particles in free space and in an infinitely extending medium are 


1 F E 
qıq2 siki Bey =— =K 
r € 


Dielectric constant (K) of a medium is numerically equal to the ratio of the force on two point charges in free 
space to that in the medium extending infinitely. 


Although the net electric force on both particles change in the presence of dielectric but force due to one charged 
particle on another charged particle does not depend on the medium between them. 
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Illustrations 


Illustration 3. 


The force of repulsion between two point charges is F, when these are at a distance of 1 m apart. Now they are 
replaced by conducting spheres each of radii 25 cm having the same charge as that of point charges. The distance 
between their centres is 1 m, then compare the force of repulsion in the two cases. 


Solution 


In 2*4 case due to mutual repulsion the effective distance between their respactive centres of charge will be 


1 
increased (d' > d), so force of repulsion decreases as F oc E 
Illustration 4. 
For the system shown in figure, find Q for which the resultant force on q is zero. 
Solution 
For force on q to be zero, charges q and Q must be of opposite nature. 


Net attractive force on q due to both charges each of magnitude 


Q = Repulsive force due to q 


J2 F, =F > J/2 2 = (2a)? > q-242 Q 


Hence q--242Q > Q-—1 


Illustration 5. 


Five point charges, each of value +q are placed on five vertices of a regular hexagon of side L. What is 
the magnitude of the force on a point charge of value -q placed at the centre of the hexagon? 


Solution " 
«—————5 
If there had been a sixth charge +q at the vacant vertex of E D 


hexagon then force due to all the six charges on -q at O 
would have been zero (as the forces forming a pair due to 
charges lying opposite to each other will balance each other). 


If f isthe force due to sixth charge and F due to remaining 


five charges. 


2 A B 


BT Bol l qxq q 
F+f=0>F=-f>F-=f = 
x ° ° 4ns, I? Anel’ 
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Illustration 6. 
Two charges each of magnitude Q are fixed at 2a distance apart and a third charge q of mass m is placed at the 
mid point of the line joining the two charges; all charges being of the same sign. If q charge is slightly displaced 


from its position along the line and released then determine its time period. 


Solution 


Q q Q Q q Q 


«4—— à —— 4—— à — «—— atx a-xX > 


If q is displaced by x from equilibrium position then net force on it 


p. kQa , -kQq | _Qaq__(4ax) X -Qa  , 
(a+x)*  (a-xf Amey (aà?-x?Ü nep (a? -x? 
If x ««a,then F= meal 
amu i=") 


> F œ -x, so the particle will undergo S.H.M. and hence 


ma°néq 


o? = Qa => T=2n 
ma TE, Qq 


Illustration 7. 


Two charges each of magnitude Q are fixed at 2a distance apart. A third charge (-q of mass 'm) is placed at the 


mid point of the two charges; now -q charge is slightly displaced perpendicular to the line joining the charges 


then find its time period. 


Solution 


Q*— a —9«—a—5Q 


—2kQq X 
E, =-2F cos 0 = RE ARTE 
a^ +x 
-2Qqx 
> PF. ay eo (a2 + x22 if x «« a, then 
-Qax 
La = p" 
T €Q a 


Comparing with F , = -kx 


i Qq 
Here; ice 2nega? 
m 
= 2 ETS, 
Now, T 2 
3 
Hence, T = 27 miraga. 


Qq 
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BEGINNER'S BOX-2 


1. 


Two identical metal spheres carry charges of + q and - 2q respectively. When the spheres are separated by 
a large distance r, the force between them is F. Now the spheres are allowed to touch and then moved back 
to the same separation. Find the new force of repulsion between them. 


The electrostatic force of repulsion between two positive ions carrying equal charges is 4 x 10? N, when their 
separation is 5 À. How many electrons are missing from each ? 


Two identical particles each of mass M and charge Q are placed a certain distance apart. If they are in equilibrium 


under mutual gravitational and electric force then calculate the order of g in SI units. 


The force between two point chargesis 100 N in air. Calculate the force if the distance between them is increased 
by 50%. 


Two neutral insulating small spheres are rubbed against each other and are then kept 4 m apart. If they attract 
each other with a force of 3.6 N, then 


(i) calculate the charge on each sphere, and 
(ii) ^ calculate the number of electrons transferred from one sphere to the other during rubbing. 


Two equal point charges Q = + 2 uC are placed at each of the two opposite corners of a square and equal 
point charges q at each of the other two corners. What must be the value of q so that the resultant force 


on Q is zero ? 


q=+ 100 nC 
In the given figure three point charges are situated at the corners of an 
10 cm 10 cm 
equilateral triangle of side 10 cm. Calculate the resultant force on the charge 
C B 
at B. What is its direction? q=- 100 uC q=- 100 uC 


Two positively charged particles, each of mass 1.7 x10-?7 kg and carrying a charge of 1.6 x10-!9 C are placed at 
a distance d apart. If each experiences a repulsive force equal to its weight, find the value of d. 


ABC is a right angled triangle. Calculate the magnitude of force on charge -Q. 


v NN 
Foo d 
i vba 
16Q 4 
Q -—-. 
10. Charge Q of mass m revolves around a point charge q due 3" Ne 
1 
to electrostatic attraction. Show that its period of revolution I od y 
16n°<,mR? bor ; 
S 
is given by T? --9* Sol — g ^ 
Qq — 
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3. ELECTRIC FIELD 


In order to explain ‘action at a distance’, i.e., ‘force without contact’ between charges it is assumed that a 
charge or charge distribution produces a field in space surrounding it. So the region surrounding a charge (or 
charge distribution) in which its electrical effects are perceptible is called the electric field of the given charge. 


Electric field at a point is characterized either by a vector function of position E called ‘electric intensity’ or by 
a scalar function of position V called ‘electric potential’. The electric field in a certain space is also visualized 
graphically in terms of ‘lines of force.’ So electric field intensity, potential and lines of force are different ways 
of describing the same field. 


3.1 Intensity of electric field due to point charge Z 
P 


Electric field intensity is defined as force on unit test charge. 


P= lim = _ ka; Kd 5 


qo 79 do ~ r? r 


Lim 


Here 30 


represent that q, is very small charge 


Note : Test charge (q,) isa fictitious charge that exerts no force on nearby charges but experiences forcesdue to them. 


3.2 Properties of electric field intensity 


(i) It is a vector quantity. Its direction is the same as the force experienced by positive charge. 

(ii) Electric field due to positive charge is always away from it while due to negative charge it is 
always towards it. 

(iii) Its unit is newton/coulomb. 

(iv) Its dimensional formula is [MLT“A“] 

(v) Force on a point charge is in the same direction as that of electric field; on positive charge and 
in opposite direction on a negative charge. 

F = a£ 
(vi) It obeys the superposition principle i.e., the field intensity due to a charge distribution is the 


vector sum of the field intensities due to individual charges at any given point. 
3.3 Electric field intensities due to various charge distributions 


Discrete distribution of charge 


By principle of superposition, intensity of electric field due to i^ charge E. - ka; 
in 
Net electric field due to whole distribution of charge E: - E; 
i=l 
Continuous distribution of charge P 
r 
: , = dq . 
Treating a small element as a point charge E = [5 
4x eg” r3 C 
: TER adl . 
Due to linear charge distribution E = k[—- [A = charge per unit length] 
S 
Due to surface charge distribution E = ge [o = charge per unit area] 
r 
ERE pdV 
Due to volume charge distribution E = k[—- [p = charge per unit volume] 
r 
V 
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3.4 Electric field due to a uniformly charged ring 


e At its centre : 


Here by symmetry we can say that electric field strength at centre due to every small segment on ring is 
cancelled by the electric field due to an identical segment diametrically opposite to it. The electric field strength 
at the centre due to segment AB is cancelled by that due to segment CD. Thus net electric field strength at the 


centre of a uniformly charged ring is E,=0 


A 


° At an axial point : 
Ee UE zu anes , where r = VR? +x” 
2e, [R’ + x? | r 
kQx 
or = -— ; At centre of ring x - 0 soE, - 0 
(R? + x! 
° Segment of ring : (charged arc) X 
M 
uj TAM 
E = oo sin — | Where à= 2] B ee eer 
0 R Ra EN ero R 
M 
e Uniformly charged semicircular ring : 
+Q x + 
* 
2k. Q Q + o 
(i) E, = B on. eR n A= TR ^ (ii) E, = t a R? 
z 
GOLDEN KEY POINTS 
e Charged particle always experiences a force in an electric field whether it is at rest or in motion. 
e Electric field decreases in the presence of a dielectric and becomes 2 times of its value in free space. 
Er 
e Test charge is an infinitely small (+ ve) charge. E= Prst 
test charge 
e If identical charges are placed on each vertices of a regular polygon, then E = zero at centre. 
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Illustrations 
Illustration 8. 
A point charge of 0.009 uC is placed at the origin. Calculate the intensity of electric field due to this point 


charge at point (2, 47,0) m. 


Solution 
E- 9 — E where ¥ - xi - yj - 2i 7j 
4n eo r 
p 9x10 x 9x 10? 21 J7j) 
(3)° 


= (3V21+3V7}) NC?. 


Illustration 9. 
Calculate the electric field at origin due to infinite number of charges as shown in figures (a) and (b) below. 


figure (a) figure (b) 
Solution 

1 1 1 kq.1 1 
Ep =k . Kal _ 4kq i.o a " mE: 
(a) 0 JT EE Saec 2 ar 

11 1 kq.1 4k 

E, =k = = q 

BUE 1i 4” 16 | (1-(7174)) ^ ^5 


Illustration 10. 
A point charge Q is placed at a point A (0,0). Calculate the electric field at B(x,y) in vector form. 
Solution 
Electric field is 
kQ 
E = P3 


In vector form, E = EJ f= sur fs f= 5) 


r? r r 


Now, f= - IL = xi + yj and P=x? + y? 
a _ kQ(xi+yi) 
So E = Ky 


Illustration 11. 


A charged particle is kept in equilibrium in an electric field between the plates in the millikan oil drop 
experiment. If the direction of the electric field between the plates is reversed, then calculate the acceleration 
of the charged particle. 


Solution 
Let mass of the particle = m, charge on particle = q 
intensity of electric field between the plates = E 
initially mg = qE (for equillibrium) 


After reversing the field ma = mg +qE = ma=2mg ~. acceleration of particle a= 2g 
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Illustration 12. 


Calculate the electric field intensity E which would be just sufficient to balance the weight of an electron. 
If this electric field is produced by a second electron located below the first one what would be the 
distance between them? [Given : e = 1.6 x 10? C, m, = 9.1 x 10?! kg and g = 9.8 m/s?] 


Solution 
As force on a charge e in an electric field E is F, |eE 
FT 
F, =eE 
W 
so according to the given problem, 
mg 
F, =W >eE=mg (A) 


mg 9.1x 10?! x9.8 
e 16x10 * 


— E = 5.57 x10! Vm 


As this intensity E is produced by another electron B located at a distance r below A 
1 


i, æ d 9x10? x1.6x107? |2 
= z? So, r= I SR. 
4n&, r 4ng,E 5.57x10 


BEGINNER'S BOX-3 


1. Two charges of value 2 uC and - 50 uC are placed 80 cm apart. Calculate the distance of the point from 
the smaller charge where the intensity is zero. 


2.  Acharged particle of mass 2 mg remains freely in air in an electric field of strength 4 N/C directed upward. 
Calculate the charge and determine its nature (g = 10 m/s?). 


3. | How many electrons should be added or removed from a neutral body of mass 10 mg so that it may remain 
stationary in air in an electric field of strength 100 N/C directed upwards (g = 10 m/s?) ? 


4. Work out the magnitude and direction of field at point P, when a charge of 2 uC experiences an electrical 
force of 5 x 10? j N at point P. 


5. | Two charges 4 uC and 36 uC are placed 60 cm apart. At what distance from the larger charge is the electric 


field intensity is zero ? 


6. Three charges of respective values —/2 uC , 2/2 uC and —J/2 uC are arranged along a straight line as shown 


in the figure. Calculate the total electric field intensity due to all three charges at the point P. 


'r 


1m 


-J2uC 242 uC -J2uC 
K——1m——»4——1m——9 
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4. 
4.1 


4.2 


ELECTRIC FIELD LINES AND ELECTRIC FLUX 
Field Lines 


A field line (in an electric field) is an imaginary line drawn in such a way that its direction at any point (i.e. the 
direction of its tangent) is the same as the direction of the field at that point. 


Field lines can also be used for comparing the magnitude of electric field intensity. The intensity of the field is 
proportional to number of field lines crossing unit area at right angles. 


Electric lines of force have the following properties : 
(i) Imaginary and smooth curves. 

(ii) Can never cross each other. 

(iii) ^ Can never form closed loops. 


(iv) |The number of lines originating from or terminating on a charge 


is proportional to the magnitude of charge. 
(v) | Electric field lines end or start normally, at the surface of a conductor. 
(vi) Tf there is no electric field there will be no electric field lines. 


(vii) Electric field lines normal to unit area is proportional to magnitude of intensity; crowded lines represent 
strong field while distant lines represent weak field. 


(vii) Tangent to the field line at a point in an electric field gives the direction of electric field. 


Electric flux (4) : 


The electric flux $ of any electric field E through a surface S is defined by the equation : 


$-$E.S 


The flux linked with any surface is proportional to the number of field lines crossing any area at right angles. 


For open surface p=fdb d E.d& 


b= E.dg (by definition of flux) 
For closed surface a 


$. ze or4nkq,, (Gauss law) 
[0] 


S is always normal to the surface and points outwards. 
(i) Electric flux is a scalar quantity 
(ii) Units : (V-m) and N-m?/C, Dimensions : [ML?T?A:!] 


(iii) ^ The value of $ corresponding to a closed surface does not depend upon the distribution of charges and 
the distance between them inside the closed surface. 


The value of $ is zero in the following circumstances : 

(a) If a dipole is (or many dipoles are) enclosed by a closed surface. 

(b) Magnitude of (+ve) and (-ve) charges are equal inside a closed surface. 
(c) | If no charge is enclosed by the closed surface. 


(d ^ Incoming flux (- ve) = out going flux (+ve) 


$,- -R'E and 4$,,- 4R'E => $,,7 0 
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4.3. Gauss' Theorem 


The total flux linked with a closed surface is ET times the charge enclosed by the closed surface (gaussian 


surface) i.e. bg: =f 


€o 


€ 


This law is suitable for symmetrical charge distribution and valid for all vector fields obeying inverse square law. 


4.4 Characteristics of Gaussian surface & Important points regarding Gauss' law 


(i) 
(ii) 


(b) 


Flux through Gaussian suface is independent of its shape. 

Flux through Gaussian suface depends only on charges present inside it. 

Flux through Gaussian suface is independent of position of charges inside it. 

Electric field intensity at the Gaussian surface is due to all the charges present (inside as well as outside) 
In a closed surface incoming flux is taken negative while outgoing flux is taken positive. 

In a Gaussian surface $ = 0 does not imply E = 0 but E = 0 implies $ = 0. 


(a) If a closed body (not enclosing any charge) is placed in an electric field (either uniform or non- 
uniform) total flux linked with it will be zero. 


If a closed body encloses a charge q, then total flux 


b= -— $e Sl ġ:= i 


(D) 
þ:= her ) 
(C) 


linked with the body will be fs Eds = Z. From this expression it is clear that the flux linked with a closed body 


is independent of the shape and size of the body and position of charge inside it.[See figures A, B, C and D] 


Note : So in case of symmetrically closed body with charge q at its centre, flux linked with each half will be 


q 
E)- UV and the symmetrical closed body has n identical faces with point charge q at its centre, flux 


linked with each face will be (* te) = 2) 
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(viii) 


(xi) 


Gauss' law is a powerful tool for calculating electric field intensity in case of symmetrical charge distribution by 
choosing a Gaussian- surface in such a way that E is either parallel or perpendicular to its various faces. As an 
example, consider the case of a plane sheet of charge having charge density o. To calculate E at a point P close 
to it consider a Gaussian surface in the form of a 'pill box' of cross-section S as shown in figure. 


Sheet of charge Conductor 
Figure (A) Figure (B) 


The charge enclosed by the Gaussian-surface = oS and the flux linked with the pill box = ES + 0 + ES = 2ES 

(as E is parallel to curved surface and perpendicular to planend faces) 

So from Gauss law, g = Li, 2ES = RS (oS) Eu 
£0 £0 2£0 


f E=0, >= Eds =0, so q = 0 but if q=0, Eds =0. So, E may or may not be zero. 


If a dipole is enclosed by a closed surface then, q =0, so Eds =0, but [E| +0 


Note : If instead of a plane sheet of charge, we have a charged conductor, then as shown in figure (B) E, =0. 


So 4, - ES and hence in this case E= £ This result can be verified from the fact that intensity at the surface 
© 


E. od with q = 4xR?c 
MEQ R? 


of a charged spherical conductor of radius R is, E = 


1 
So for a point close to the surface of a conductor, E = —— —5 x (42R°o} ae 
Areg £0 


4.5 FLUX CALCULATION USING GAUSS' LAW 


$,— —nR? E and b= mR?E > rota =0 


$,7 Parcur 7 TRPE and $,- 9 caved = TRE > poa = 0 


total 


$,- -a° E and b= aE > rota =0 
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E 1-22 — 
P iie by =— Zak E and out TR E >9,,=0 
MES. 
$= 2nR? x__1__ - 3 
4ne,R° 26g 
1 q 
^W 9 hemisphere — 2 € 
q 
9 cylinder 2 €o 
Pae = 2 €o 
q 
b= 8 
€o 
q 
b q 
4o 
4.6 Applications of Gauss' law M 
Oen Meus E 
e Electric field due to solid or hollow conducting sphere or shell "d . PRGA 
e For outside point (r > R) f N 
; pas 24 A 
Using Gauss' theorem $E =— 3 , 
€o bc pi 
At every point on the Gaussian surface E ||ds -. Eds = E ds cos 0°= E ds Gaussian surface 
x 
ES Eds = ŻA [E is constant over the Gaussian surface] => Ex 4m? = Es E 
€ Ep P^ Angr 


0 
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e For a point on the surface (r - R) : 


q 
E: Ws 
j 4n & R? 
e For Inside point (r « R) : 


Since charge inside the conducting sphere or shell is zero, i.e. £q = 0 


- AD 
so $Ed&- 3 -0 >E, =0 
€o 
Electric field due to solid non conducting sphere É 
e For outside point (r > R) P uiu psu 


From Gauss theorem / (X 


= xq i 
Ēd => Exam? -2 5 E= & 
A €0 € 4n &, r N 


e At a point on the surface (r = R) : 
E,-— 3. Putr=R 
4ne R 
e For inside point (r < R) : 
Xq 


From Gauss theorem $E = p 
0 


5 
where Xq charge contained within the Gaussian surface of radius r 


Gaussian surface 


E(4n?) - > g.. 78 


Eq 4nr? € 


(i) 


As the sphere is uniformly charged, the volume charge density (charge/volume) p is constant throughout the 


3 
sphere p= 3s = charge enclosed in Gaussian surface £q = en) - | a B | EJ — Er 


9 


1 
putting this value in equation (i) we get E,, = X pr 


4n €o R? 36g 


ELECTRIC FIELD DUE TO AN INFINITELY LONG LINEAR DISTRIBUTION OF CHARGE 
Let a wire of infinite length be uniformly charged having a uniform linear charge density A. 
P is the point where electric field is to be calculated. 

Let us draw a Gaussian cylindrical surface of length / coaxial with the wire. (Figure a) 
From Gauss theorem 


Gaussian 
surface 


pees: + J E.dS, + ! E.dS3 = = ' 


E 1 d$, so EdS, - 0 and E 1 dS, so EdS, = 0 h 


q = = | E 
E 2 re —— 3 oe 1 
(m p Ele ls 
Charge enclosed in the Gaussian surface q = A4. 
So, Ex2znré= Af E= E = ay where k = 1 
Eo 2n €o r r 4n €o 
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GOLDEN KEY POINTS 


e Lines of force starts from (+ve) charge and end on (-ve) charge. 


e Lines of force start and end normally on the surface of a conductor . 


E 


fixed point charge near 


infinite metal plate edge effect 
e Lines of force never intersect because, the field at a point (point of intersection) cannot have two distinct 
directions. 
e Electric field inside a solid conductor is always zero. 
e Electric field inside a hollow conductor may or may not be zero (E + 0 if net charge is present inside the sphere). 
e The electric field due to a circular loop of charge and a point charge are identical provided the distance of the 


observation point from the circular loop is quite large as compared to its radius i.e. x >> R. 


Illustrations 
Illustration 13. 


Consider an electric field E =( 3 x 10°) i (N/C). What is the flux through the square of 10 cm side, if the normal 
to its plane makes 60? angle with the X axis ? 


Solution 


= 15 Nm’/C. 


N| = 


$ = EScos0 = 3 x 10? x[10 x 107? x cos 60° = 3 x 103 x 102 x 


Illustration 14. 


The electric field in a region is given by E= SE ŠE where E, = 2 x 10? NC 1. Find the flux due to 


this field through a rectangular surface of area 0.2 m? parallel to the Y-Z plane. 


Solution 
: ONT M gage x. 12 
Fux $- E£.8 = ($101 105]) (0.28) = = «10° = 240 Nm2C-1, 


Illustration 15. 


As shown in figure a closed surface intersects a spherical conductor. If a negative charge Q is placed at point P, 
what is the nature of the electric flux coming out of the closed surface ? 


Solution 


Point charge Q induces charge on conductor as shown in figure. Net charge enclosed by closed surface is 
(-ve) so flux is negative. 
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Illustration 16. 


If a point charge q is placed at the centre of a cube, what is the flux linked (a) with the cube? (b) with each 
face of the cube? 


Solution 


(a) 


(b) 


According to Gauss' law flux linked with a closed body is (1/z)) times the charge enclosed and here 


the closed body (cube) is enclosing a charge q so, ot = L 
£0 


Now as cube is a symmetrical body with 6—-faces and the point charge is at its centre, so electric flux 


linked with each face will be op = or ao oe 


6 629 


Here flux linked with the cube or any of its faces is independent of the size of cube. 


If charge is not at the centre of cube (but anywhere inside it), total flux will not change, but the flux 
linked with different faces will be different. 


Illustration 17. 


S; and S, are two concentric shells enclosing charges Q and 2Q respectively as shown in figure. 


(a) 
(b) 


Solution 


(a) 


(6) 


Illustration 18. 
The electric field components of the field shown in figure are 
E 2x, E, = E, = 0, in which a = 5 N/C m™. Calculate 
(a) the flux , through the cube, and 


(b) the charge within the cube. Assume a = 1m. 


Solution 


(a) 


(b) 


What is the ratio of the electric flux through S, and S; ? 


2Q 
How will the electric flux through the sphere S4 change, © 
if a medium of dielectric constant e,is introduced in the S. 5, 
space within S, in place of air ? 
Flux through sphere S, $,- hage = Q and flux through sphere S, þ,= ee soe 
€o €o €o € 

.. Ratio 9: B Q/ 5 = I 

d2 3Q/e& 3 


If a medium of dielectric constant e, is introduced then flux through S, will become ES 
& 


time of flux in air. 


[AIPMT (Mains) 2008] 


Paet = right + E (a 2a Ja cos0? + (ava Ja? cos 180° 


= o(aP^ (42-1) = 5x(1)/?(V¥2-1) = 2.0 Nm2/C 
Qi, = Paet E0 = 2 x8.85 x 10-1? = 1.77 x10! C. 
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Illustration 19. 


Two positively charged infinitely long wires (1, > à) are placed parallel to each other at x = -a and x=+a as 
in figure. Find the x — coordinate of a point at which electric field is zero. 


Solution 


Ay Ay he 
olus Im ES 
X=-a X=a 
1 2 
Let coordinates of P are (x, 0) : 
the distance of P from wire 1 = (a + x) and from wire 2 = (a - x) ; 
TN ee TOM e 
2k Dk <—a—— a 
E, = E, " (faex —(a-x : 
x —-a ` Xx--a 


=>  A(a-x = àa + x) > àja — àx = Aga + ÀX 


04 — à2)a 


> (A, — Aga = (Ay + ADK > X= OF dy) 


BEGINNER'S BOX-4 


1. 


Two point charges Q and 4Q are 12 cm apart. Sketch the lines of force and calculate the distance of neutral 
point from 4Q charge. 


A charge Q is uniformly distributed over a large plastic (non-conducting) sheet. The electric field at a point 
close to the centre of the plate near the surface is 20 V/m. If the plate is replaced by a copper plate of the 
same geometrical dimensions and carrying the same charge Q, then what is the electric field at that point? 


What is the net flux of a uniform electric field E = 3x 10i NC-! through a cube of side 20 cm oriented 


such that its faces are parallel to the coordinate planes ? 


Charges Q, and Q, lie inside and outside a closed surface S respectively. Let E be the field at any point 


on S and 6$ be the flux of E over S. Which statement is wrong? 
(A) If Q, changes, both E and $ will change. (B) If Q, changes, E will change but $ will not change. 
(C) If Q,-0 and Q,% 0 then E 2 0 but $-0 (D) If Q+ 0 and Q,=0 then E=0 but $40 


A charge 'q' is placed at the centre of a cube whose top face is open (it has only 5 faces). Calculate the total 


electric flux passing through the cube. 


A point charge of 2.0 uC is at the centre of a cubic Gaussian surface of edge 9.0 cm. What is the net electric 
flux through the surface ? 


An electric flux of - 6 x 10? Nm?/C passes normally through a spherical Gaussian surface of radius 10 cm, 
due to a point charge placed at its centre. 


(a) | What is the charge enclosed by the Gaussian surface ? 


(D If the radius of the Gaussian surface is doubled, how much flux would pass through the surface ? 
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10. 


11. 


A Gaussian surface encloses two of the four positively charged particles d, 


as shown in figure. Which of the particles contribute to the electric 


field at a point P on the surface ? 


Is it possible to have flux associated with an imaginary closed surface to be zero even when electric field on 
this surface is non-zero. If yes, then give one example. 


Two large, thin metal plates are parallel and close to each other. The plates have surface charge densities 
of opposite signs and of magnitude 17.0 x 107? C/m? on their inner faces. What is electric field, 

(a) in the outer region of the first plate ? 

(D ^ between the plates ? 

Plot the following graphs — 

(a) Electric field inside a conducting sphere with distance from its centre. 


(b) E versus (1/r) where E is electric field due to a point charge and r is the distance from the charge. 


ELECTROSTATIC POTENTIAL ENERGY & ELECTRIC POTENTIAL 
Electrostatic potential energy 


Potential energy of a system of particles is defined only for conservative fields. As electric field is 
conservative, so we define potential energy in relation to it. Potential energy of a system of particles is defined 
as the work done in assembling the system in a given configuration against the interaction forces between 
them. Electrostatic potential energy is defined in two ways. 


(i) Interaction energy of charged particles of a system. 
(ii) ^ Self energy of a charged object. 
Electrostatic Interaction Energy 


Electrostatic interaction energy of a system of charged particles is defined as the external work required to 
assemble the particles from infinity to the given configuration. When charged particles are at infinite separation, 
their potential energy is taken to be zero as no interaction is there between them. When these charges are 
moved to form a given configuration, external work is required if the force between these particles is repulsive 
and energy is supplied to the system, hence final potential energy will be positive. If the force between the 
particles is attractive, work will be done by the system and final potential energy will be negative. 


Interaction Energy of a system of two charged particles 


Figure shows two + ve charges q, and q, separated by a distance r. The electrostatic interaction energy of this 
system can be expressed as work done in bringing charge q, from infinity to the given separation from q,. 


qı q2 dx F 
f Pde f kaide dx ; . . 
It can be calculated as W = Í OX = — Í x? [ - ve sign shows that x is decreasing] 
k 
We HR egg [ interaction energy] 


kq9; 


If the two charges are of opposite signs, then potential energy will be negative as U = — : 
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5.2 


Interaction Energy for a system of charged particles 

When more than two charged particles are there in a system, the interaction energy can be given as the sum 
of interaction energies of all the different possible pairs of particles. For example if a system of three particles 
having charges q,, q, and q, is given as shown in figure. 


qı 
Y; P 
ds q3 
k k k 
The total interaction energy of this system can be given as U = P + ags + duds 
3 2 1 
, , n(n - 1) 
Note : Number of pairs corresponding to n charges = 2 
Example : Square (4 charges) 
4x3 
Number of pairs = os Sides — 4 


Diagonals > 2 
1-1+1-1 1-1 2kq* 
U, em = kg? í H J- 
i | a aVv2 V2a 


Example : Cube (8 charges) 


8x7 
Variety distance Number of pairs N, = > = 28 
side JIa 12 
Face diagonal 42a 12 
Main diagonal 43a 4 


2 2 2 
"T 12kq? , 12kq? _ 4kq 
system a J2a J3a 


Electric Potential 


SO 


Electric potential is a scalar property of every point in the region of electric field. At a point in electric field 
potential is defined as the interaction energy of a unit positive charge. If at a point in electric field a charge q, 
has potential energy U, then electric potential at that point can be given as 

U 


Va 
qo 


joule/coulomb 


Potential energy of a charge in an electric field is defined as the work done in bringing the charge from infinity 
to the given point in the electric field. Similarly we can define electric potential as work done in bringing a unit 
positive charge from infinity to the given point against the electric forces. 


Potential at a point can be physically interpreted as the work done within the conservative field in displacing a 
unit (+ve) charge from infinity to that point. 


Uus 


do joule/coulomb 
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rixas. 


5.3 


5.4 


Regarding potential it is worth noting that : 


(i) It is a scalar; Dimensions : [ML? T? A7], Unit : volt (V) or J/C 
2 P 
G) V=- f E.dr ‘ 
(iii) ^ Potential produced by a point charge is V = d i 
4n ejr 
(iv) | Potential due to multiple charges ; E 
(a) For discrete distribution of charge " r 
*Q, / 
1 vg “qT a, 
V=V,4V,4+V,4+..... +V = D 
1 2 3 ^^ Ane, 2, r 
(b) For continuous charge distribution (treating each element as a point) f B 
dV - NET > V= 1 Í da 
4ne r 4ne *r 


(v) In the presence of a dielectric medium potential decreases and becomes EJ times of its free space value. 
€ 


Potential Difference Between Two points in an Electric Field 


r 


Potential difference between two points in electric field can be defined as work done in displacing a unit 
positive charge from one point to another. 


Va V. 


B= = 
If a unit +ve charge is displaced from point A to point B as shown, work required can be given as V, - V, =- [. E.dr 


If a charge q is shifted from point A to point B, work done against electric forces can be given as W = q (Vp - V,) 
If in a situation work done by electric forces is asked, we use W = q (V, - V.) 

If V, < V,, then charges have a tendency to move towards B (low potential point), it implies that electric forces 
carry the charge from high potential to low potential points. Hence it can be said that electric potential 
decreases in the direction of electric fields. 


As electric field is conservative, work done and hence potential W, B 


difference between two points is path independent and depends 
only on the position of initial and final points 

W, = W, = W, ' 
Electric Potential due to a Point Charge 


Electric potential due to +Q charge at point P (with position vector r ) is given by 


ye j£s =- 9. di 


2 
„Aner 
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5.5 Electric Potential due to a Charged Ring 


Let electric potential at point P due to small element of length d£ be dV. 


4 
K 

t 

$ 
i 
H P 
H 
+ + 
+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 
+ + 
T 
dq l -— 
dV = (distance between small element and point P is equal to r) 


Aner 


1 
Electric potential due to whole ring V = v = > A = r > 
NEY TE qr 


v=- -= dl 
Aneor Ane, (a? + ey 


5.6 Electric Potential due to a Conducting Sphere or a Shell 


e Outside the sphere 


According to definition of electric potential, at point P P 
pes 
i (r>R) 
(a y q 
=— r vw Eo ==} 
| Fao? | i i 
V q l dr dg. E aA 
4n£g „r 4neg| r 4ngor 
e On the surface 

R, R " , 

V=-|E.df = dr e E = 7? 
J por | as i 

R R 
q 1 q |1 
V dr = — q 
Ane I 4n£g E | = 4ngo9R 
e Inside the surface 
Inside the surface E = 0 , dV -0orVV-2constant |: E= E so V= 2 
r dr 4ngogR 
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5.7 Electric Potential due to Solid Non-Conducting Sphere 
e Outside the sphere 
Same as conducting sphere. (See article 5.6) 
e On the Surface 
Same as conducting sphere. 
e Inside the sphere 


v=-[Ed => V=- 


ie + [ea = | 
o R 


8 = A 
"a 
BOR 
h es 

[em 
a 
+ 
oes n 
ERRORES 
= 
di 
NL 
Q 
| eran: | 


NE es a kq 2_ 2 
>V zl Ro x > V= [3R - | 


= At the centre r = 0, V. = oR 2Vs 


5.8 Potential Due to Special Charge Distribution 


k 
(i) Point charge ; V = A 


(ii) Group of point charges; 


kq 
(ii) V; = R’ r=R 
ius kq 
(i) | V, = mits 
Segment of ring 
LN 
+ goce 
pp D 
V= ka o A 
md a 
AF 


kQ 
(i) V= = (ii) V, = zero 

a 

aly 
+/ 0 4 a 
PER [ON aes 
(i) ^ V, = zero d [d no 
E nem codd 
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5.9 Equipotential Surface 


For a given charge distribution , the plane or surface correspoinding to the locus of all points having same potential 
is called 'equipotential surface’. 


Equipotential surfaces can never cross each other (otherwise potential at a point will have two values which is 
absurd). 


Equipotential surfaces are always perpendicular to the direction of electric field. 
If a charge is moved from one point to an other over an equipotential surface 
then work done Waes =- U,, = q (V,-V,) = 0 De V, = VJ 


Shapes of equipotential surfaces 


for uniform electric field for a point charge and spherical for a line distribution of 
equipotential surfaces conductors equipotential charge equipotential 
are parallel planes surfaces are concentric spheres ^ surfaces are coaxial cylinders 


The intensity of electric field along an equipotential surface is always zero. 


5.10 Relation between Electric field & Electric Potential 


E=-VV =- grad V =- M € (Note :- Here E is radial field) 
r 


Note : Potential is a scalar quantity but the gradient of potential is a vector quantity 


In cartesian co-ordinates VV = l zx a "x 


OV. | OV - A 


E 
(i) Direction of E is from high potential to low potential. 


(ii) If V = constant over a region, then E = 0 (in that region) 


GOLDEN KEY POINTS 


If potential energy at infinity is zero, external work done in changing the configuration of a system from 'i' to 'f' 
is W = U,- U.. 


In assembling a given charge system (U =0) => W = U, and in disassembling (U, = 0) 2 W =- U, 
eV is the smallest practical unit of energy used in atomic and nuclear physics. (1 eV = 1.6 x10 J) 
Potential is theoretically zero at infinity; practically we consider it zero on the earth surface. 


Potential on earth is assumed to be zero as it is a large conductor and its potential is more or less constant in 
relation to finite charge given to or taken from it. 


The direction of electric field is from regions of higher electric potential to regions of lower potential irrespective 
of the charge configuration. 
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> E 
If one moves in the direction of E , electric potential V decreases ; If one moves in the direction opposite to E 
potential increases. 


Electric potential is the same at all points in a region in which E = 0. 


Equipotential surfaces need not be physical surfaces. Any imaginary surface over which the electric field is 
perpendicular to it every where is called an equipotential surface. 


Equipotential surfaces are closely spaced where electric field intensity is large and widely spaced where electric 
field intensity is small. 


Electric field must be zero within an equipotential volume. 


Different equipotential surfaces due to a point charge whose potentials differ by a constant amount (say 1 volt) 
are not equispaced. 


Two equipotential surfaces never intersect. 
When we place a charged conductor inside a hollow conductor and connect them by a conducting wire, the 


charge will be completely transferred from the inner conductor to the other conductor. 


Illustrations 


Illustration 20. 


If separation between two point charges decreases then electric potential energy of the system increases; 
whatever be the sign of charges. Yes or No ? 


Solution 


The potential energy may increase or decrease. [:: It depends on sign of charges.] 


Illustration 21. 


If the electric potential energy of the given system (shown in figure) is positive 


then prove that 2Q » 3q 


Solution 


(2Q) a (-9) 
U(system) = Sum of potential energies of all possible pairs 
k(Q)(ZQ) | k2Q kQ kQ 
_ KQ) (2Q) | 4289. RE ede 


a a a a 


Given that U is positive > U>0 
kQ 


=> — 00-3920 > 2Q»3q 


Illustration 22. 


Two negative charges, each of magnitude q are 2r distance apart. A positive charge q is lying at the middle 
them. The potential energy of the system is U,. If the two nearest charges are mutually interchanged and the 


U: 
potential energy becomes U,, then U, will be :- 


Solution 


2 2 2 2 E A = 
-kq -kq kq —3kq Mm pem i re) 
n p Uca t o 
ka? 2 2 ka? q -q -q 
U, = Ed * s ED ord Me 3 $— — —— 9— o 
r r 2r 2r U, r r 
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Illustration 23. 


As shown in figure, if o = — 2 x 10* C/m* calculate the distance such that electrons strike the plate with zero 


velocity. 


electron 
gun 


Metal plate 


Solution 
Kinetic energy E, of e7 is consumed in doing work against electric force 


E, = Force xdisplacement = (eE)d 


Ex 


oO 
o  E-(Ed-e.d- d= —— 244 x104m= 0.44 mm 


Illustration 24. 
Four charges q each are placed at the four corners of a square of side a. 
Find the potential energy of one of the charges. 

Solution 
The electric potential at corner A due to charges at corners B, C and D is 


1 q 1 q 1 q 1 | 1 ) q 
= = 2+ 
Ane a i Ane, 42a ý 4rnega  4nsgg a 


1 1 2 
. ; E Joy] A 
<. Potential energy of the charge at A is u = qV = 475g | z) a 


Illustration 25. 


A total charge Q is given to (Two concentric shells) so that their surface 
charge densities are equal. Deduce an expresion for potential at their common 
centre. 

Solution 
Let surface charge density of each shell be o then 
Charge on A + charge on B =Q => o4na? + o4nb? = Q 


NE 
oro = 4n(a? + b?) .. (1) 


Now potential at common centre = potential due to A + potential due to B 


A B 
a a 
C D 
q q 
B 


o» 


V, = fa koe (a+b). Putting expression for o from eq? (1) 
€o €o €o 
B (a 4 b)Q 
° 4r e, (a? + b°) 
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Illustration 26. 


Infinitely large number of point charges each equal to q are placed at positions x = 1,2,4,8....... . Calculate 
the electrostatic potential at the origin. 


Solution 


Electrostatic potential at a point distant r from a charge q is given by Ane = 
0 
The net electrostatic potential at origin (x = 0) due to the infinite array is, 
q 1 1 1 1 q 1 1 1 1 
V => —— —-L—r-—4T—-c........ = d desees 
An (Diu rem (s "gg 
B q 1 z 2q z q 
Ane, (1-4) 4ne 2n € 
Illustration 27. 
In a uniform electric field E - 10N/C as shown in figure, find : 
(i) VieVe dV. V. A 
Solution M Oi 
(i) V, > Ve so, V, - V, will be negative / N 
B— 2m — C 


If d denotes effective displacement between two points along the 
field, then 
d,, = 2 cos 60° = 1m 
^ Va — Vg = -Ed,, = (101) = -10V 
(ii) ^ V,» Vo So V, - Ve will be positive 
Now dpc = 2.0 m 
^ V4- Ve = 10(2) = 20V 
Illustration 28. 


When a 2 uC charge is carried from point A to point B, the amount of work done by the electric field is 50 uJ. 
What is the potential difference between them and which is at a higher potential ? 


Solution 
W,-q(V,- V) 
=> 50x10°=2x10°(V,-V,) 
=> Va -V= 25 volt 


V,-V, >0 
V, > Vg 
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Illustration 29. 


The potential function of an electrostatic field is given by V = 2x?. Determine the electric field strength at the 
point (2m, 0, 3m). 


Solution 


Electric field at x = 2m 


>  E,--8NC! > É--8i NC! 
Illustration 30. 
Find V,, V,, Vo and If V, = V, then what is the 


required condition ? 


Solution 


For conducting sphere or shell 


EUN 


surface in 


ca? ob? oc c (a? -t? +c? 
V: = + = 
€g C EQ € €o €o C 
. a b +c? m 
=>  NowifV,- V, (a-b4c)- —— ——— > c(a-b)2a?-b? > c=a+b 
c 


BEGINNER'S BOX-5 


1. Three charges -q, Q and -q are placed at equal distances on a straight line. If the potential energy of the system 
of three charges is zero, then what is the ratio Q : q ? 


2. | Work done in moving a charge q coulombs on the surface of a given charged conductor of potential V volts is .... 


3. Three point charges q, -2q and -2q are placed at the vertices of an equilateral triangle of side a. Find the work 
done by external forces to increase their separation to 2a ? 


4. Two electrons lying 10 cm apart are released. What will be their speed when they are 20 cm apart ? 


5. (i Determine the electrostatic potential energy of a system consisting of two charges 7 uC and -2 uC (and 
with no external field) placed at (-9 cm, 0, 0) and (9 cm, 0, 0) respectively. 


(ii) How much work is required to separate them to an infinitely large distance ? 
sy I Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 


2 New Delhi - 110074 31 
9810934436 , 8076575278 , 8700391727 


rixas. 


10. 


11. 


12. 
13. 


14. 


15. 


(i) Calculate the potential at point P due to a charge of 4 x 107 C located 9 cm away. 


(ii) Hence obtain the value of work done in bringing a charge of 2 x 10? C from infinity to the point P. Does the 
answer depend on the path along which the charge is brought ? 


A regular hexagon of 10 cm side has charges of 5 uC at each of its vertices. Calculate the potential at its centre. 


(i) What is the difference in potentials between two points, one at 10 cm, and the other at 20 cm distance from 
a charge of -5.5 uC ? 


(ii) Which point is at a higher potential ? 
(i) How far would a point be from a +0.60 uC charge if it had a value of electric potential equal to 10 kV ? 


(ii) If the point were moved to four times of its initial distance from the charge then what potential change 
would occur ? Is it an increase or a decrease ? 


What is the electric potential at the center of the triangle shown in figure ? 


qı = +4.0 uC 


qo = +4.0 uC q3 =-4.0 uC 
20 cm 


Calculate the electric potential at the center of the square shown in figure. 


qı =-10 pC dz —-10 uC 
0.10 m 
= q3 =5.0 uC 
SUNE 0.10m " 


If potential at a point P (1,1,1) is given by the relation V,= x?—-y? * 2z, then calculate the electric field at P. 


For a point charge of +3.50 uC what is the radius of the equipotential surface which is at a potential of 
2.50 kV ? 


A proton is moved 15 cm on a path parallel to the field lines of a uniform electric field of 2.0 x 10? V/m. 


(i) What are the possible changes in potential ? Consider both cases of moving the proton along and against 
the field. 


(ii) How much work would be done if the proton were moved perpendicular to the electric field ? 


Figure (a) and (b) show the field lines of penus and negative point charge respectively. 


WE NÉ 
AN AN. 
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(a) Give the signs of the potential difference : V, - Va; V, - V, 


(D Give the sign of the potential energy difference of a small negative charge between the points Q and 
P; AandB. 


(c) Give the sign of the work done by the field in moving a small positive charge from Q to P. 
(d) Give the sign of the work done by an external agency in moving a small negative charged from B to A. 


(e Does the kinetic energy of a small negative charge increase or decrease in going from B to A ? 


ELECTRIC DIPOLE :- 


A system of two equal and opposite charges separated by a small distance is called electric dipole, shown in 
figure. Every dipole has a characteristic property called dipole moment. It is defined as the product of magnitude 
of either charge and the separation between them charges, given as 


d 
B= Q———0 
-q p +q 


In certain molecules, the centres of positive and negative charges do not coincide. This results in the formation 
of electric dipoles. Atom is non - polar because the centres of positive and negative charges in it coincide. 
Polarity can be induced in an atom by the application of electric field. in that case it is called as induced dipole. 


Dipole Moment : Dipole moment p - qd 


(i) It is a vector quantity directed from negative to positive charge. 
(ii) ^ Dimensions : [LTA], Units : coulomb x metre (or C-m) 


(iii) ^ Practical unit is "debye" = Two equal and opposite point charges each having charge 10 franklin (= e) 


and separated by 1À has dipole moment (p) of 1 debye. 


C 
Sel = 3.3x 109 C-m 


1 debye = 10° x 107? Frx m 2 10? x 
3x1 


Dipole Placed in Uniform Electric Field 


Figure shows a dipole of dipole moment p placed at an angle 9 to the direction of electric field. Here the 


charges constituting the dipole experience forces qE each in opposite directions as shown. 


Thus we can state that when a dipole is placed in a uniform electric field, net force on the dipole is zero. But as 
equal and opposite forces act with a separation in their lines of action, they produce a couple which tend to 
align the dipole along the direction of electric field. The torque due to this couple can be given as 


t = Force xseparation between the lines of action of forces = qE xd sing = pE sin 9 


t=rxF=dxqE=qdxE=pxE 
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Work done during Rotation of a Dipole in Electric field 
When a dipole is placed at an angle 0 to an electric field the torque due to electric field on it is t = pEsin0 


Work done in rotating the dipole from 0, to 0, [ field being uniform] 


05 
dW = 1d0 soW= [aw- frao and Wo, 50; =W= l pE sin0 dé = pE (cos0, - cos0,) 
1 


e.g. W,, = PE[1-(-1)] = 2 pE; W =pE (1-0) = pE 
If a dipole is rotated from field direction (0 = 0°) to 0 then W = pE ( 1- cos) 


0 90 


T 


pod P P 
$— ————v»o E 94—— —— ——o 
p " + p E 
920 8 = 90° 0 = 180° 
t = minimum = 0 t = maximum = pE t = minimum = 0 
W = minimum = 0 W = pE W = maximum = 2pE 


Electrostatic potential energy : 


Electrostatic potential energy of a dipole placed in a uniform field is defined as the work done in rotating a dipole 
from a direction perpendicular to the field to the given direction i.e., 


8 
Wooo = pEsin0d0 = -pE cos 0= — pE 


90° 
E is a conservative field so what ever work is done in rotating a dipole from 0, to 9, it is just equal to change 
in the electrostatic potential energy 


Wy, -+e, = Uo, - Uo, = pE (cos 0,- cos 8,) ( - U = - pE cos) 


Force on an electric dipole in Non-uniform electric field : 


If dipole is placed in a non-uniform electric field then at a point where electric field is E, the interaction energy 


= AU 
of the dipole at this point is U = -p.E. Now the force on dipole due to electric field is F = — "AF 
-—— rae - - _dE 
If the dipole is placed in the direction of electric field then F = EL 
r 
ELECTRIC POTENTIAL DUE TO DIPOLE 
e At axial point 
kq PEE PM T. 
Electric potential due to +q charge Vi = TE jii apes ier > 
(r ~ £) RA | EA > 
lectri ial h V," c 
Electric potential due to -q charge 2 (r4 2) 
. kq -kq _ kqx24 kp 
Net electric potential V=V +V, = r-a (+) m H i Car. 
kp 
If r > » 4 then V-— 
r 
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e At equatorial point 


k 
Electric potential at P due to +q charge V= 7 
, , kq 
Electric potential at P due to -q charge V,- p 
kq k 
Net potential V=V, +V, = 3-3 =0..V=0 E 
€ At a general point 
2 BERS Ds share tese delante dito t) 
EU where p = qd (electric dipole momen 
ELECTRIC FIELD DUE TO DIPOLE 
€ At a point on the axis of a dipole : 
~q O q 
<< 
Kem MMÀPFEe8MMM MM E2 E 
P— Pisier > 
Electric field due to +q charge E, = (r p Electric field due to -q charge E, = 


k k kq x 4r! 
Net electric field E=E,-E,= d d qx 


kq 
(r +2)? 


ge. 


` 
~ 
` 
M 
^ 


* 
m 


(ro? (r+ = (ry [^ p^ qx 2/ = Dipole moment] 


2kpr 2k ` > 
Een gy If r >> then E = c or E- 2kP 
—{ z 


e At a point on the equatorial line of dipole : 


E, sino 
il 
x p, -£9 e kq 
Electric field due to +q charge 1 = -> ; Electric field due to -q charge Ep = a E oN p 
x 
Oy, 
Vertical component of E, and E, will cancel each other and horizontal x 
E c 
components will get added, so net electric field at P is 2 S 
/ Iu XX 
E = E,cos0 + E,cos0 [+ E, = E] SA KE 5 x 
2l / £ : b 
E = 2E, cos0 = pcos 7 cos0- - and x= Jr? +? E "ALS i o(s 
«----. 0 NU ---- f sann > 
2kq/ 2kq4 kp kp = —kp 
_ 2kqe _ B -EP  E= 
x3 (24 28? T (2 4 P Ifr>>¢then E= : Or 2 
At any general point : y 


Consider a dipole having dipole moment p placed at the origin pointing along 


x-axis. We have to find the electric field at point P at a separation r from origin 


O forming angle 0 with dipole moment. 


Draw two components of p one along OP and the other perpendicular to OP. 
Component along OP = p cos0 


Component perpenducular to OP = p sin0 


rias. 


@ 
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"n" 2kpcos0 , . "d 
Now, electric field (E, ,)due to p cos = EP (axial) "i 
EN 
m" . kpsin0 ial O p 
Electric field (E.) due to p sin0 = i (equatoria ) E 
. 2 2 kp 1 3 2 0 E n Q E, 
n Net field E = JE; «Ej = = + 3cos ; 
fat 
Now tana = E = j'en? b os 
O s : 
Where a is the angle made by E with OP. pen 


7. MOTION OF A CHARGED PARTICLE IN UNIFORM ELECTRIC FIELD 


£ = extension of electic field, normal to its direction 


Position of particle at time t : for x direction x = vt 


1 
and for y direction y = ut + PES 
x E 
u-0;t-—;a- xm 
y V y m 


qE ) ; 
_ m" . la. 
or y | ome | X this is an equation of a parabola 
Special Results : 
(1) Time taken by the particle to cover the entire length i.e., extension of electric field, in other words, time 


4 
for which particle moves under the influence of electric field is T = - 


(2 Total deviation in the trajectory within electric field is 


GOLDEN KEY POINTS 


e For a dipole, potential is zero at equator, while at any finite point E + 0 
e In a uniform E, dipole may experience a torque but not a force. 
e If a dipole is placed in a field due a point charge, then mc on dipole may be zero. 


Distribution Point sa ER seii Eua 


Two Point em Dipole and - | Dipoleandpointcharge | Dipole- Siege 
e | : | -2 
Proportional to r 
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Illustrations 
Illustration 31. 
pE 


1 
Prove that the frequency of oscillation of an electric dipole of moment p and rotational inertia I is 2x (55) 


for small amplitudes about its equilibrium position in a uniform electric field strength E 
Solution 


Let an electric dipole (with charges q and -q 2a distance apart) be placed in a uniform electric field of strength E. 


Restoring torque on dipole t=-—pEsin@ = -pE 0 (as 0 is small) 


Here - ve sign shows the restoring tendency of torque. -t= Ia .. angular acceleration = & = 


E 
For SHM a = -o*0 ; Comparing we get œ = LT 


NS ; . 0) 1 pE 
Thus, frequency of oscillation of dipole isn = 2— = z— all 1- 
2n 2r I 


Illustration 32. 


Three charges -q, +q and +q are situated in X-Y plane at points (0, -a), (0, 0) and (0, a) respectively. Find the 
potential at a distant point r (r >> a) in a direction making an angle 0 from the Y-axis :- 


Solution 


Potential at point P due to charge q (placed at origin) is 


k v4 ue 
potential due to remaining charge 
system (dipole) can be written as +q S, RR 
p=q(2a) 
y= p rem ae 


r 


cem 
+ — 
r 


k 
HenceV, = V, + V, = = | 
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Illustration 33. 


A region consists of uniform electric field E and uniform gravitational field g perpendicular to each other. 
A particle of charge Q and mass m begins to move in this region.Deduce an equation for its trajectory. 


Solution 


If E is in positive x-direction 


E 1 QE 

then a = QE ; x= TUE | —— (1) 
x m 2m 
2 

a =g NE Li ME ccc EE (2) 


Illustration 34. 


A proton and an a - particle are initially at a distance 'r' apart. Find the KE of a-particle at a large reparation 
from proton after being released. 


Solution 
z ane 
Total energy of system initially E, = ke.2e _ 2ke : 
r 4m m 


1 
Momentum of the two charges system remains constant throughout Hence E « — 
m 


4 4 ( 2ke* 1 1 ( 2ke? 
So divide total energy in inverse ratio of their respective masses E. = 5 E=5 , E, = 5 Ẹ = Br 


BEGINNER'S BOX-6 


1l. A sample of HCI gas is placed in an electric field of strength 2.5 x 10* NC7. The dipole moment of each 
HCI molecule is 3.4 x 107? Cm. Find the maximum torque that can act on a molecule. 


2. Anelectric dipole when placed in a uniform electric field E will have minimum potential energy, when the angle 
made by the dipole moment with the field E is .............. 


3. An electric dipole is placed making at an angle 60? with an electric field of strength 4 x 10° N/C. It experiences 
a torque equal to 84/3 N-m. Calculate the charge on the dipole, if it is of length 4 cm. (1) 


4. Figure shows the tracks of three charged particles in a uniform electric field. Ža ull 


Give the signs of the three charges. 


Which particle has the largest charge to mass ratio ? (3) 


5. X An electron is projected into a uniform transverse electric field of strength 200 NC"! with initial velocity 
106 mst. By what length is the electron deflected after it has travelled 1 cm ? 


6. A system has two charges q, = 2.5 x 107 C and qg = - 2.5 x 1077C located at points A = (0,0,-15) cm and 


B = (0, 0, 15) cm respectively. What are the total charge and electric dipole moment vector of the system ? 
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8. 


8.1 


8.2 


CONDUCTOR AND IT'S PROPERTIES [FOR ELECTROSTATIC CONDITION ONLY] 


(i) 


Conductors are materials which contain large number of free electrons which can move freely inside 
the conductor. 


(ii) In electrostatics, conductors are always equipotential surfaces. 


(iii) ^ Charge always resides on the outer surface of a conductor. 


(iv) If there is a cavity inside a charged conductor with the cavity devoid of any charge then charge will 


always reside only on the outer surface of the conductor. 


(v) Electric field is always perpendicular to conducting surface. 


(vi) Electrostatic field lines never exist within conducting materials 


E. ome 
(vii) Electric field intensity near a conducting surface is given by the formula E =— n 
£0 
A 
AA o 
é E, -—Afü ; Ep =ñ and E. =—£A 
B £6 £6 £o 


V=0 
(viii) When a conductor is grounded its potential becomes zero. Ca 


Sharing of Charges : 


Two conducting spherical shells of radii R, and R, having charges Q, and Q, respectively and separated by 
a large distance, are joined by a conducting wire. Let the final charges on the two spheres be q, and q, 


respectively. 


Potentials of both shells become equal after joining, therefore 


qi _ R, 
V,=V, qxR => a R 
R R 
Since + = + a = — |! Qand = 4 
a +4, = Q, +Q, Iene ur 
$;.R E, R 
o R = E, R, 


Electrostatic Shielding 


Electrostatic shielding is the method of protecting a certain region from the effect of electric field. 
A cavity surrounded by conducting walls is a field free region as long as there are no charges inside the cavity. 


Whatever be the charge and field configuration the field inside the cavity is always zero. This is known as 
electrostatic shielding. 


Electrostatic shielding can be achieved by enclosing sensitive instruments in a hollow conductor. 


Figure gives a summary of the important electrostatic properties of a conductor. 


ULL e S AME 
E-H E n 
" ui / RR 
LLL: ait 7 > 
AD 
STJ" 11 7, 
Ys - 
Wy 
MU 
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GOLDEN KEY POINTS 


e Electrostatic experiments do not work well on humid days because moist air conducts electricity. 
e A charged matellic body has same potential but the distribution of charge may or may not be uniform. 
e A small metal ball is suspended in a uniform electric field with the help of an insulated thread. If a high energy 


X-ray beam falls on the ball, it will be deflected in the direction of the field. 


e Sensitive electronic instruments are shielded from external electrical influence by enclosing them in metal boxes. 


Illustrations 


Illustration 35. 


Prove that if an isolated (isolated means no charges are present near by) large conducting sheet is given a 
charge then the charge distributes equally on its two surfaces. 


Solution 
Let there be x charge on left side of the sheet and Q-x charge on the right side of the sheet. 
Since point P lies inside the conductor so E, = O zero 


- =0 > = 
2As, 2AE, ZANE 6 2A&£g 


x Q-x 2x Q _Q 
2 


>X 


X 
24s, ZAs, 
Q-x- 


So charge is equally distributed on both faces. 
Illustration 36. 


Three large conducting sheets placed close and parallel to each other contain charges Q, -2Q and 3Q respectively. 
Find the electric field at points A, B , C, and D. 


Q -2Q 3Q 


(i) Here E, means electric field due to charge ‘Q’. 


E- Q 2Q | 3Q Q  Q 
^ 2Ag 2As, 2Ae, 2A& Ags, 


, towards left 


(i) Ep. GUAE " 

(iii) E: . (Q-29)-(8Q)  -2Q , towards right > towards left 
24s, As, As 

; Q 2Q 3Q Q : 

(iv) Ep = ZAs Ac, + Dc, = Ae, , towards right 
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Illustration 37. 


Figure shows three large metallic plates with charges - Q, 3Q and Q respectively. Determine the final charges 
on all the surfaces. 


-Q 3Q Q 


Solution 


© 


We assume that charge on surface 2 is x. From conservation of charge, 3Q 


we see that surface 1 has charge (- Q — x). The electric field inside the 
metal plate is zero so field at P is zero. 


-Q-x x+3Q+Q 
Resultant field at P : E, = 0 > = 
P 2A&g 


2A&g 
-5 
—-Q-x-x*4Qox- 9 


We know that charges on the facing surfaces of the plates are of equal magnitude and opposite signs. This can 
be in general proved by Gauss' theorem also. Remember this it is an important result. 


Thus the final charge distribution on all the surfaces is : 


3Q] |-5Q 5Q| pO -Q| BQ 
| fear uma 2 i 
Illustration 38. 
The two conducting spherical shells shown in figure are joined by a € =e 
J 


conducting wire and disconnected after the charge stops flowing. 
Find out the charges on each sphere after that. 


Solution 
After disconnecting, the potentials of both the shells are equal 


Kx K(-2Q-x) K(x-2Q) 
R? 2R OR 


Thus, potential of inner shell V, = 


K K(-2Q - -K 
and potential of outer shell V „= 2R + ( 2 x) - = -2Q -x 


-KR _ K(x-2Q) - 


As LA = Va > R 2R 


2Q=x-2Q >x=0 


So charge on inner spherical shell = 0 and outer spherical shell = - 2Q. 
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Illustration 39. 3Q 


Two conducting spherical shells of radii R and 2R carry charges - Q 3 
and 3Q respectively. How much charge will flow into the earth if the 
inner shell is grounded ? m 


Solution 


When inner shell is grounded the potential of inner shell becomes zero because potential of the Earth is 
taken to be zero. 


Kx K3Q B 


Rk” oe 
-3 
X= = ; the charge that has increased 
-3Q -Q 
= > -Q >. 


Hence the amount of charge that flows into the Earth = 


Q 
2 


1. 


BEGINNER'S BOX-7 


A cube of metal is given a charge (+ Q); which of the following statements is true ? 
(A) Potential on the surface of cube is zero 
(B) Potential within the cube is zero 
Electric field is normal to the surface of the cube 
(D) Electric field varies within the cube 


A solid metallic sphere is placed in a uniform electric field. The lines of force follow the path(s) (shown 
in figure) :- 


B» WN Fe 
e WN KF 


(A) 1 (B) 2 (C) 3 (D) 4 


Shown in the figure is a spherical shell with inner radius 'a' and outer radius 'b' which is 
made of conducting material. A point charge +Q is placed at the centre of the shell and 
a total charge -q is placed on the shell. Charge -q is distributed on the surfaces as :- 


A) -Q on the inner surface, -q on the outer surface 


B) -Q on the inner surface, -q+Q on the outer surface 


C) +Q on the inner surface, -q-Q on the outer surface 
D) The charge -q is spread uniformly between the inner and outer surfaces. 
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8. 


|_| BEGINNER'S BOX-1 | | 


80 C 2. 
(a) Yes, (b) No , (c) No 
3.2x101C 5. 2418 x10? 


3 x 1075 electrons. 


For proton > u, u, dand For neutron => d, d, u 
(a) 2 x 10! ; (b) 18.2 x 10°19 kg 


A will have positive charge and B will have negative 
charge. 


BEGINNER'S BOX-2 | | 


2. 2 3. 10 


44.4 N 5. () 8 x10°C (i) 5x10" 


1 = 

queer uC 7. F,4,7 9 x10? N along to CA 
k 2 

d-01l8m 9. F= S2 


20 cm 


BEGINNER'S BOX-3 


2. 5 x 105C ; +ve charge 


6.25 x 10” electrons should be removed 


| El =2.5x104N/C electric field is along y-direction 
45 cm 
E „=16.46x103 N/C Direction of net electric field 


net 
is perpendicular and away from the line AB 


|__| BEGINNER'S BOX-A | 


20 V/m 3. Zero 4. D 
5q 
GE 6. 2.25 x 10° Nm?/C 
0 
(a) -5.31x10-4 C (b) Flux remains the same 


8. Allie.qy, do, q3 & q4 


9. Yes, Ex: A dipole placed in a closed surface 


10. (a) Zero (b) 1.92 V/m 
11. (a) E (b) E 
r0 rR (1/1) 
| | BEGINNER'S BOX-5 | | 
1. 1:4 2. Zero 3. Zero 
4. 36 m/s each 5.() -0.7J, (ii) 0.7J 
6. (i)4x10*V (i)8 x10°J, No 
7. 2.7x10°V 
8. (i) 2.5x10°V, 


(ii) The more distant point from the charge 
9. (i)0.54 m, (ii) 7.5 kV, a decrease 
10. 3.1x10°V 11. -1.3 x10°V 


12. -2i«2j-2k 13. 126m 
14. (i) against the field 3.0 x 10^ V; in the field 
direction -3.0 x 10^ V, (ii) Zero 
15. (a) Vp- Vg is positive 
Vg - VA is positive 
(b) Ug - Up is positive 
U; — Ug is positive 


(d) positive (e) decreases 


|__| BEGINNER'S BOX-6 | 


1. 85x10%Nm 2.0 3. 10? C or 1 mC 
(1) -ve, (2) -ve (3) +ve 
Particle (1) has largest charge to mass ratio. 


5. 0.176 cm 


(c) negative 


6. Total charge - 0; 


Dipole moment p = -7.5x 10-8 C-m k 


|__| BEGINNER'S BOX-7 | 


1. (© 2. (D) 3. (B) 
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EXERCISE-I (Conceptual Questions) 


ELECTRIC CHARGE & METHODS 
OF CHARGING 


1. 


Which of the following charges can not be present 
on an oil drop in Millikan's experiment :— 

(1) 4.0 x 10-1? C (2) 6.0 x 10-1?C 

(3) 10.0 x 10:1? C (4) all of them 


In nature, the electric charge of any system is always 

equal to : 

(1) half integral multiple of the least amount of 
charge 

(2) zero 

(3) square of the least amount of charge 


(4) integral multiple of the least amount of charge 


Consider a neutral conducting sphere. A positive 

point charge is placed outside the sphere. The net 

charge on the sphere is then : 

(1) negative and distributed uniformly over its 
surface. 

(2) negative and appears only at the point on the 
sphere closest to the point charge 

(3) negative and distributed non-uniformly over its 
entire surface of the sphere 


(4) zero 


COULOMB'S LAW AND EQUILIBRIUM OF 
CHARGE SYSTEM 


4. 


Force between two identical spheres charged with 
same charge is F. If 5096 charge of one sphere is 
transferred to the other sphere then the new force 


will be :— 
3 3 
= —F 
(1) a (2) 8 
3 
(3) oF (4) none of these 


Two point charges placed at a distance 'r' in air 
exert a force 'F'. The distance at which they exert 
same force when placed in a certain medium 
(dielectric constant K) is :— 

(1) rK 

(3) r/ VK 


6. 


10. 


11. 


Two charges are placed as shown in figure. Where 
should a third charge be placed so that it remains 
at rest ? 


(1) 30 cm from 9e 

(2) 40 cm from 16e 

(3) 40 cm from 9e 

(4) (1) or (2) 

Two point charges +9q and +q are kept 16 cm 

apart. Where should a third charge Q be placed 

between them so that the system remains in 

equilibrium ? 

(1) 24 cm from + 9q 

(2) 12 cm from + 9q 

(3) 24 cm from + q 
) 


(4) 12 cm from + q 


Two balls carrying charges +7 uC and —5 pC attract 
each other with a force F. If a charge -2 uC is added 
to both, the force between them will be :— 


(1) F 8 
(3) 2F (4) zero 


Two equal and like charges when placed 5 cm apart 
experience a repulsive force of 0.144 newtons. The 
magnitude of the charge in micro-coulomb will be 
(1) 0.2 (2) 2 

(3) 20 (4) 12 


Two point charges of + 2 uC and + 6 uC repel 
each other with a force of 12 N. If each is given 
an additional charge of — 4 uC, then force will 
become:- 

(1) 4 N (attractive) 

(2) 60 N (attractive) 

(3) 4 N (repulsive) 

(4) 12 N (attractive) 


What equal charges should to be placed on 
earth and moon to neutralize their gravitational 
attraction ? (mass of earth = 1075 kg, mass of moon 


= 1023 kg) 
(1) 8.6 x 105 C (2) 6.8 x 1076 C 
(3) 8.6 x108 C (4) 9 x 106 C 
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12. 


13. 


14. 


15. 


16. 


A point charge q, exerts a force F upon another 
point charge q. If a third charge q be placed quite 
close to the charge q, then the force that charge 
q, exerts on the charge q, will be :- 

(1) F (2) > F 

(3) < F (4) zero 


A charge Q is divided in two parts Q, and Q, and 
these charges are placed at a distance R. There will 
them 


be maximum repulsion between 


when :- 


(1) Q =Q-q; Q2 =q 


2 
2a- 
3 
cE nT 
(4) Q; =Q; -2 


The force of repulsion between two point charges 
is F, when these are 1 m apart. Now the point 
charges are replaced by conducting spheres of radii 
5 cm having the charge same as that of point 
charges. The distance between their centres is 1 
m, then the force of replusion will :— 

(2) decrease 

10F 

9 


(1) increase 


(3) remain same (4) become 


Two charges 4q and q are placed at a distance £ 
apart. A third charged particle Q is placed at the 
middle of them. If resultant force on q is zero then 
the value of Q is :- 
(1)q 

(3) 2q 


Two similar spheres having +q and -q charges 
are kept at a certain separation. F force acts 
between them. If another similar sphere 
having +q charge is kept in the middle of then, 
it experiences a force in magnitude and 
direction as :— 

(1) zero having no direction 

(2) 8F towards +q charge 

(3) 8F towards -q charge 

(4) 4F towards +q charge 


17. 


18. 


19. 


Four charges are placed at the circumference of 
the dial of a clock as shown in figure. If the clock 
has only hour hand, then the resultant force on a 
positive charge qg placed at the centre, points in 
the direction which 
shows the time as :— 
(1) 1:30 


Two small spheres each having a charge +Q are 
suspended by insulating threads of length L froma 
hook. This arrangement is taken to a space where 
there is no gravitational effect, then the angle 
between the two threads and the tension in each 
will be :- 


o l1 Q o 
(1) 180° Xp (2) 90 


1 2 
Ane ER VELLE 
0 


1 Q 
"Ans, L 

1 @ 
"Ans, I? 


(3) 180°, 


Identify the wrong statement in the following :- 

Coulomb's law correctly describes the electric force 

that. 

(1) binds the electrons of an atom to it's nucleus 

(2) binds the protons and neutrons in the nucleus 
of an atom 

(3) binds the atoms together to form molecules 

(4) binds the atoms and molecules together to form 
solids 


ELECTRIC FIELD INTENSITY 


20. 


Two charges 9e and 3e are placed at a separation r. 
The distance of the point where the electric 
field intensity will be zero, is :- 


r 
(1) PINE from 9e charge 


J3r 
(2) Jf from 9e charge 
r 
(3) 1-5) from 3e charge 


J3r 
(4) 1«48 from 3e charge 
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21. 


22. 


23. 


24. 


25. 


A ring of radius R is charged uniformly with a charge 
+ Q . The electric field at a point on its axis at a 
distance r from any point on the ring will be :— 


KQ KQ 

(1) (r? -R*) (2) "i 
KQ 1/2 KQr 

(3) r] R 


Two positive charges of 1 uC and 2 uC are placed 
1 metre apart. The value of electric field in N/C 
at the mid point of the two charges will be :— 


(1) 10.8 x 104 (2 3.6 x 10* 


(3) 1.8 x 104 (4) 5.4 x 104 


The electric field in a certain region is given by 
=> ^ 
E- Cai . The dimensions of K are :- 


(1) MLT2A7! (2 ML?T34A7 


(3 MLT A7! (4) M°L°T°A® 

Figure below shows regular hexagon, with different 
charges placed at the vertices. In which of the 
following cases is the electric field at the centre 
zero ? 


5q 4q q -q 
q 2q q q 
I II 
2q  2q 2q 2q 
2q 2q 2q q 
m IV 


(1)IV (2) II (3) I (4) Il 


Electric field at the centre 'O' of a semicircle of radius 
'a' having linear charge density A is given as :- 


2). An 
(1) — (2) — 
€ a € a 
À À 
(3) 2T & a (4) ME, a 


26. 


27. 


28. 


29. 


A semicircular ring of radius 0.5 m is uniformly 
charged with a total charge of 1.4 x 10? C. The 


electric field intensity at the centre of this ring is :— 
(1) zero (2) 320 V/m. 


(3) 64 V/m. (4) 32 V/m. 


For the given figure the direction of electric field 
at A will be : 


(1) towards AL (2) towards AY 


(3) towards AX (4) towards AZ 


-] x 1055 C charge is on a drop of water having 
mass 10~ kg. What electric field should be applied 
on the drop so that it is in the balanced condition 
with its weight ? 


(1) 10 V/m upward 
(3) 0.1 V/m downward 


(2) 10 V/m downward 
(4) 0.1 V/m upward 


Two small identical spheres, each of mass 1 g and 
carrying same charge 10^? C are suspended by 
threads of equal lengths. If the distance between 
the centres of the spheres is 0.3 cm in equilibrium 
then the inclination of the thread with the vertical 


will be :— 

(1) tan"! (0.1) (2) tan! (2) 

(3) tan! (1.5) (4) tan“? (0.6) 
ELECTRIC FIELD LINES, ELECTRIC FLUX & 
GAUS'S THEOREM 

30. Two infinitely long parallel wires having linear 


charge densities X, and à, respectively are placed 
at a distance R. The force per unit length on either 


wire will be :— 
k2Ayho T k29 
R? R 
kAyA9 kido 
(3) ^2 (a) Te 
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31. 


32. 


33. 


34. 


35. 


Choose the correct statement regarding electric lines 

of force :- 

(1) They emerge from negative charge and 
terminate at positive charge 

(2) The electric field in that region is weak where 
the density of electric lines of force are more 

(3) They are in radial directions for a point charge 


(4) They have a physical existence 


A solid sphere of radius R, is charged uniformly with 
a total charge Q. Then the correct expression for 
electric field is (r = distance from centre) :— 


K 
(1) X where r<R 


K 
(2) +, where r>R 


(3) it is zero, at all points 
(4) (1) and (2) both 


Which one of the following pattern of electrostatic 
lines of force is not possible ? 


———————Ó—— 


A sphere of radius R and charge Q is placed inside 


0 —— MIU K 


a concentric imaginary sphere of radius 2R. The 
flux associated with the imaginary sphere is :— 


AQ 2Q 
(3) =~ (4) 


Q Q 
€9 (2) 2 €9 €Q €9 


A nonconducting solid sphere of radius R is charged 
uniformly. The magnitude of the electric field due 
to the sphere at a distance r from its centre :— 


(a) increases as r increases, forr « R 

(b) decreases as r increases, for O < r < oo 
(c) decreases as r increases, for R < r < œ 
(d) is discontinuous at r = R 


(1)a, c (2) c, d 


36. 


38. 


39. 


40. 


41. 


20 uC charge is placed inside a closed surface; then 
flux linked with the surface is $. If 80 uC charge is 
put inside the surface then change in flux is :— 


(1) 4 (2) 5 (3) o (4) 80 
In a region of space the electric field is given by 


Es 8i 4j + 3k . The electric flux through a 
surface of area of 100 units in the x-y plane is :— 
(1) 800 units (2) 300 units 

(3) 400 units (4) 1500 units 


Electric charge is uniformly distributed over a long 
straight wire of radius 1 mm. 


The charge per cm length of the is ae 
wire is Q coulombs. A cylindrical 4m 
surface of radius 50 cm and length 

1m encloses the wire symmetrically ven 


as shown in fig. 


The total flux passing through the cylindrical surface 


€0 €0 


; 10a 


T EQ 


4) 100Q 


T EQ 
Gaus's law is given by e, d Eds = q, if net charge 
S 


enclosed by a Gaussian surface is zero then :— 
(1) E must be zero on the surface 


(2) Number of incoming and outgoing electric lines 
are equal 


(3) there is a net incoming of electric lines 


(4) none 


The electric field is 100 V/m, at a distance of 
20 cm from the centre of a dielectric sphere of 
radius 10 cm. Then E at 3 cm distance from the 
centre of sphere is :- 
(1) 100 V/m 
(3) 120 V/m 


(2) 125 V/m 


(4) zero 


If the electric flux entering and leaving a closed 
surface is $, and 6, respectively then electric charge 
inside the surface will be :- 


(1) (6, + 63s, (2) (6, — js, 
$1 + 0» (4) $2 61 


£0 £0 


(3) 
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42. 


43. 


44. 


The electric field in a region of space is given by 


E=(5 i +2 j ) N/C. The electric flux through an 


area of 2 m? lying in the YZ plane, in S.I. units is 


(1) 10 
(3) 102 


(2) 20 
(4) 2 429 


The total flux associated with the given cube will be- 
where 'a' is side of the cube :- 


(cL = 4r x 9 x 10? SI units) 
90 


7uC 


(1) 1627 x 10? Nm2/C 
(3) 1627 x 10$ Nm2/C 


(2) 162x x 10? Nm?/C 
(4) 162x x 106 Nm?/C 


a 
A point charge is placed at a distance 2 


perpendicular to the plane and above the centre 
of a square of side a. The electric flux through the 


square is :— 
q q q q 
Oc Uz O3- Us 


ELECTRIC POTENTIAL, EQUIPOTENTIAL 
SURFACE & RELATION BETWEEN FIELD & 
POTENTIAL 


45. 


As shown in the fig. charges + q and - q are placed 
at the vertices B and C of an isosceles triangle. The 


potential at the vertex A is :- 


46. 


47. 


48. 


49. 


50. 


51. 


At any point on the perpendicular bisector of the 

line joining two equal and opposite charges :- 

(1) the electric field is zero 

(2) the electric potential is zero 

(3) the electric potential decreases with increasing 
distance from their mid point 


(4) the electric field is perpendicular to the line 
joining the charges 


What is the electric potential at a distance 'x' from 
the centre, inside a conducting sphere having a 
charge Q and radius R ? 


1 Q 1 Q 
(1) 4n€, R (2) 47€ p 
(3) Tm ! > (4) zero 


Certain positive charge is given to a conductor. Then 
its potential :— 

(1) is maximum at the surface 

(2) is maximum at the centre 

(3) remains same throughout the conductor 

(4) is maximum somewhere between the surface 


and the centre 


Potential inside a charged spherical shell is :— 

(1) uniform 

(2) proportional to the distance from the centre 

(3) inversely proportional to the distance 

(4) inversely proportional to square of distance from 
the centre 


A solid conducting sphere having a charge Q is 
surrounded by an uncharged concentric conducting 
spherical shell. Let the potential difference 
between the surface of the solid sphere and the 
outer surface of the shell be V. If the shell is now 
given a charge -3Q the new potential difference 
between the same two surfaces is :- 


(1) V (2) 2V (3) 4V (4) -2V 


Four charges 2C, - 3C, -4C and 5C respectively 
are placed at the four corners of a square. Which 
of the following statements is true for the point of 
intersection of the diagonals ? 

(1) E20,V20 (2E 40, V=0 

(3 E= 0, V #0 (E 40,Vz0 
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52. 


53. 


54. 


55. 


56. 


57. 


A non - conducting ring is of radius 0.5 m. 
1.11x 10-1? coulombs charge is non - uniformly 
distributed over the circumference of ring which 
produces electric field E around itself. If / = 0 
is the centre of the ring, then the value of 


(2)-2V (3-1V (4) zero 


A hollow metal sphere of radius 5 cm is charged such 
that the potential on its surface is 10 volts. The electric 


field at the centre of the sphere will be :- 
(1) 50 volt/meter (2) 10 volt/meter 
(3) 5 volt/meter (4) zero 


The potential at a distance R/2 from the centre of 
a conducting sphere of radius R containing charge 


Q will be :- 
Q 
(1) 0 (2) gres R 
Q Q 
(3) 4r cg R (4) 2r €o R 


Four charges +Q, -Q, +Q and -Q are situated at 
the corners of a square; in a sequence then at the 
centre of the square :- 


(1) E-0, V=0 (2) E-0, V0 


(3) Ez0, V-0 (4) E-0, Vz0O 


Electric field at a distance x from the origin is 


100N - m?/C 


x? 


difference between the points situated at x = 10 m 


given as E - . Then potential 


and x = 20 m is :- 


(1)5V (2)10V (315V (44V 


A circle of radius R is drawn in a uniform electric 
field E as shown in the fig. V,, Vg, V. and Vp are 
respectively the potentials of points A, B, C and 
D on the circle then :- 


—r 
A 
(1) V, > Ve, Vg = Vp 
(2) V, < Vo, Vg = Vp B 
(3) V, = Ve, Vg < Vp 
——————- 


(4) V4 = Vc, Vg > Vp 


rixas. 
= 


58. 


59. 


60. 


61. 


62. 


63. 


A uniform electric field pointing in positive 
x-direction exists in a region. Let A be the origin, 
B be the point on the x-axis at x = +1 cm and C 
be the point on the y-axis at y = +1 cm. Then the 
potentials at the points A, B and C satisfy :- 


(1) V, « V4 (2) V. > Vg 
(3) V, < Ve (4) V, > Ve 
The electric potential V is given as a function of 


distance x (metre) by V = (5x2-10x-9) volts. The 
value of eletriec field at x=1 m is :— 

(1) 20 V/m (2) 6 V/m (3) 11 V/m (4) zero 
The electric potential and electric field at a point 
due to a point charge are 600 V and 200 N/C 


respectively. Then magnitude of the point charge 
should be :- 


(1) 3 uC (2)30 uC (3)0.2 uC (4)0.5 uC 
Two concentric spheres of radii R and r have similar 
charges with equal surface charge densities (o ) . 


What is the electric potential at their common 


centre? 
(1) o/& (2) 9-(R - 1) 
£0 
(3) 2 R +r) (4) None of these 
£0 


Three charges 2q, -q, -q are located at the vertices 
of an equilateral triangle. At the centre of the 
triangle :- 
(1) the field is zero but potential is non-zero 
(2) the field is non-zero but potential is zero 
(3) both field and potential are zero 
(4) both field and potential are non-zero 
The electric field E is constant in both magnitude 
and direction. Consider a path of length d at an angle 
0-60? with respect to field lines as shown in 
figure. The potential difference between points 1 
and 2 is :- 

E 
(U dsin60* 
(2) Ed cos 609 


Ed 
cos 60? 


(3) 


(4) Een 60° 
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64. The electric potential in a certain region is | 69. List I gives certain situations in which electric field 


expressed by V = 6x — 8xy? - 8y + 6yz - 42? volts. is represented by electric lines of forces in x-y 
The magnitude of the force acting on a charge plane. List II gives corresponding representation of 
of 2 C situated at the origin will be :- equipotential lines in x-y plane. Match the figures 
(1)2N (2 6N in List I with the figures in List II and indicate your 
answer. 
(3) 8 N (4) 20 N 
List - I List - II 
65. Which statement is true ? 5 d si . 
(i) A ring of radius R carries a uniformly distributed Eo = ees TEN 
- i NE 
charge +Q. A point charge -q is placed on the (P) CERES me (D EE 
of forces 7 *.. Lower potential 


axis of the ring at a distance 2R from its centre 
and released. The particle executes simple 


. . gael | | Lower potential 
harmonic motion along the axis of the ring. 8 å — — 
Q KÉ £ £ R ectric lines (2) x 
(ii) Electrons move from a region of higher Ee esti BENE Higher potential 
potential to that of lower potential p i 
E = 
(1) only (i) (2) only (ii) ARMM zn F 
(3) 6), (ii) (4) none of them R T plete lines (3) : p ; 
d 5 
66. Two conducting spheres of radii r} and r, have y z y " 
same electric field near their surfaces. The ratio yyyy ay £ 
of their electric potentials is :- S) "WEBBER . Eon 4 a 1 0b 
P S wer 7 a TINE 
2 E 
Q)r/ry (2r/rn (Qu Arm E = 
Codes P Q R S 
67. A charged hollow metal sphere has a radius r. if the (1) 1 2 3 4 
potential difference between its surface and a point 0) 4 3 9 1 
at distance 3r from the centre is V, the the electric 
intensity at a distance 3r from the centre is :- (3) 3 4 2 1 
V V V V (4) 2 1 3 4 
1 — 2) — 3) c 4) — 
Ue (2) a 9 3, 0 r 


ELECTRICAL POTENTIAL ENERGY 


68. The variation of potential with distance x from a 30. iduibedetrichedothausQ.amtherdiameds 


carried from A to B, A to C, A to D and A to E, 
then work done will be :- 


fixed point is shown in figure. The electric field at 


x =13 mis 


V(volt) 


(not to scale) 


[POP OP d o) | | (1) minimum along the path AB 

0 3 4 6 8 10 12 14 16 any (2) minimum along the path AD 

(1) 7.5 volt/meter (2) -7.5 volt/meter (3) minimum along the path AE 
(3) 5 volt/meter (4) -5 volt/meter (4) zero along each path 
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71. 


72. 


73. 


74. 


75. 


76. 


Choose the incorrect statement :— 


(1) the potential energy per unit positive charge 
in an electric field at some point is called the 
electric potential. 


(2) the work required to be done to move a point 
charge from one point to another in an electric 
field depends on the position of the points 


(3) the potential energy of the system will increase 
if a positive charge is moved against the 
Coulombian force 

(4) the value of fundamental charge is not 
equivalent to the electronic charge. 

A charge of 10 esu is placed at a distance of 2 cm 

from a charge of 40 esu and 4 cm from another 

charge of — 20 esu. The potential energy of the 
charge 10 esu is :- (in ergs) 

(1) 87.5 (2) 112.5  (3)150 


As shown in figure, on bringing a charge Q from 


(4) zero 


point A to B and from B to C, the work done are 
2 joules and - 3 joules respectively. The work done 
in bringing the charge from C to A will be 


(1) - 1 joule C 
(2) 1 joule Zi 
(3) 2 joules £ b 
(4) 5 joules 


15 joule of work has to be done against an existing 
electric field to take a charge of 0.01 C from 
A to B. Then the potential difference (Vg — V) is :— 
(1) 1500 volts (2) - 1500 volts 

(3) 0.15 volts (4) none of these 

A 5 C charge experiences a force of 2000 N when 
moved between two points along the field separated 
by a distance of 2 cm in a uniform electric field. The 
potential difference between the two points is :— 
(1) 8 volts (2) 80 volts 

(3) 800 volts (4) 8000 volts 

When the separation between two charges is 
increased, the electric potential energy of the system 
of charges :- 

(1 
(2 
(3 


increases 
decreases 
remains the same 


may increase or decrease 


77. In the fig. force on charge at A in the direction 
normal to BC will be :— 


qå 
a a 
q q 
a 
kq kq kq? V3kq? 
de -5 92. q 
a 2a 2a a 


MOTION OF CHARGED PARTICLE IN ELECTRIC 
FIELD AND ELECTRIC DIPOLE 


78. An electron enters an electric field with its velocity 


in the direction of the electric field lines then :- 


(1) the path of the electron will be a circle 

(2) the path of the electron will be a parabola 

(3) the velocity of the electron will decrease just 
after the entry 


(4) the velocity of the electron will increase just 


after the entry 


79. Anelectron and a proton are set free in a uniform 
electric field. The ratio of their accelerations is :— 


(1) unity (2) zero 
my m, 
Bu Om 


80. A particle of mass m and charge q is released from 
rest in an electric field E. Then the K.E. after time 


t will be :- 
2bE?t? E?q?t 
aa (2) 2E 
Eq?m Eqm 
(3) 2g (4) OM 


81. Acharge q is projected into a uniform electric 
field E; work done when it suffers a displacement 
Y along the field direction is :- 


qY 

(1) gEY (2) E 
qE Y 
E v ge 
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82. 


83. 


84. 


85. 


86. 


87. 


88. 


The figure below shows the path of a positively 
charged particle 1 through a rectangular region 
of uniform electric field as shown in the figure. 
What are the direction movement of particles 2, 
3 and 4 ? 


16 E 


(1) Down, top, down (2) Down, down, top 


(3) Top, top, down (4) Top, down down 


For a dipole, the value of each charge is 10-19 stat 
coulomb and their separation is 1À, then its dipole 
moment is :— 


(1) one debye (2) 2 debye 

(3) 10? debye (4) 3 x 10-2? debye 
The electric potential and field at a point due to an 
electric dipole are proportional to :- 


ne dI ar hier 
When an electric dipole p is kept in a uniform electric 


field E then for what value of angle between p and 
E, will the torque be maximum ? 

(1) 90° (2) 0? (3) 180° (4) 45° 
What will be the ratio of electric field at a point on 
the axis and an equidistant point on the equatorial 
line of a dipole :— 


(1:2 (22:1 (34:1 (1:4 
For a dipole q = 2 x10% C ; d = 0.01m; find 
the maximum torque on the dipole if 
E = 5 x 105 N/C :- 

(1) 1 x 10° Nm! (2) 10 x 10° Nm! 

(3) 10 x 10? Nm (4) 1x10? Nm 

Two particles each of mass M is attached to the 
two ends of a massless rigid non-conducting rod of 
length L. The two particles carry charges +q and 
-q respectively. This arrangement is held in a 
region of uniform electric field E such that the rod 
makes a small angle 0 (« 5°) with the field 
direction. The time period of rod is (rod oscillates 
about its centre of mass) :- 


(jos ME py ME 
2qE 2qE 

2 (4) 4x nue 

2 2qE 


89. 


90. 


91. 


92. 


The electric potential at a point due to an electric 
dipole will be :- 


>> 


(1) kZ 
r Yr 


> > 


Que 


The force on a charge situated on the axis of a 
dipole is F; if the charge is shifted to double the 
distance, the force acting will be :- 


(1) zero 


A small electric dipole is of dipole moment p. The 
electric potential at a distance 'r' from its centre 
and making an angle 0 from the axis of dipole 
will be :- 


kpsin 0 kp cos 0 
(2) 


r? r? 


(3) KP Jit 3cos? 0 (4) FP J+ 3sin?o 

r r 
If an electric dipole is placed in an electric field 
generated by a point charge then :- 
(1) the net electric force on the dipole must be zero 
(2) the net electric force on the dipole may be zero 


(3) the torque on the dipole due to the field must 
be zero 


(4) the torque on the dipole due to the field may 
be zero 


CONDUCTORS 


93. 


Two conductors are of same shape and size. One 
of copper and the other of aluminium (less 
conducting) are placed in an uniform electric field. 
The charge induced in aluminium :- 


(1) will be less than that in copper 
(2) will be more than that in copper 
(3) will be equal to that in copper 


(4) cannot be compared with that of copper 
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94. A big hollow metal sphere A is charged to 100 volts | 97. An uncharged sphere of metal is placed in between 
and another smaller hollow sphere B is charged to two charged plates as shown. The lines of force 
50 volts. If B is put inside A and joined with a metallic appear as :- 
wire, then the direction of charge flow :- 


1) is from A to B (1) IH 


2)jifronBtoA . .|  —».—  »p! 7-222707 —V7 “SDSS 


) 
) 

3) no charge flows +++4++4++ 4% ++4++4+44 
) 


y 
4) depends on the radii of spheres (3) ) a ( y (4) ke y 


( 
( 
( 
( 


95. Two concentric conducting spheres are of radii r4 
and r,. The outer sphere is given a charge q. The 98. Consider a conducting spherical shell of radius R with 


charge q' on the inner sphere will be (inner sphere its centre at the origin, carrying uniform positive 
is grounded) :- surface charge density. The variation of the 
(1) q magnitude of the electric field lE) and the electric 


is best represented by the graph (Here dotted line 


(2) -q = potential V(r) with the distance r from the centre, 


(3) -q us represents potential curve and bold line represents 
12 electric field curve) :- 
(4) Zero 


V(r) 


V(r) 


96. A charge given to any conductor resides on its outer 
surface, because :- 


(1) the free charge tends to be in its miniumum 
potential energy state. 


(2) the free charge tends to be in its minimum 
kinetic energy state. 


(3) the free charge tends to be in its maximum 
potential energy state. 


(4) the free charge tends to be in its maximum 
kinetic energy state. 


EXERCISE-I (Conceptual Questions) ANSWER KEY 


Qu.| 1|2|3|4|5,|6,7,8]|9 |10]| 11] 12 | 13 | 14 | 15 | 
Anj 4 | 4 |4 | 2 | 3 | 4 2 11]|1|1/,;1/,1J4 22 
Que 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 
An. 3 | 2 | 1 | 2 | 2 | 3 2 3|2|3]/|24/|,2/|2 42/2 
Que 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 
Ans| 3 | 4 | 3 | 1] 11 2 2|2|83,|2,|1]|2 42 
Que 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 
Anj 2 | 1| 3 | 2 | 2 | 2 1 4|3|1/|1/,3/J2 43. 
Que 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75| 
An. 3 | 2 | 2 | 4 | 4 3 1 3]|2|4/|4,3/]|2 4/1. 
Que| 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90 | 
Anj 4 | 4 | 3 |3|2 1 1 1|3/|1/|2,3,|,1,1/J|J4 
Que| 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 
Anj 2 | 4 | 3 | 2] 3 | 2 | 3 | 4 | 
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EXERCISE-II (Assertion & Reason) 


Directions for Assertion & Reason questions 


Target AIIMS 


These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 


(A) If both Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 
(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 
(C) If Assertion is True but the Reason is False. 

(D) Ifboth Assertion & Reason are false. 


Assertion :- Charge is invariant. 


Reason :- Charge does not depend on speed or 
frame of reference. 


(1) A (2) B (3) C (4) D 


Assertion :- When the electric flux through a closed 
surface is zero then the net charge inside the surface 
must be zero. 


Reason :- When the net charge inside a closed 
surface is zero then electric field at every point of 
the Gaussian surface must be zero. 


(1)A (2) B (3) C (4) D 


Assertion :-Electric potential energy of any positive 
charge is always positive. 


Reason :- Potential energy is a vector quantity. 


(1) A (2) B (3) C (4) D 


Assertion :- In electrostatics, electric lines of force 
can never be closed loops. 


Reason :- The number of electric lines of force 
originating from or terminating on a charge is 
proportional to the magnitude of charge. 


(1) A (2) B (3) C (4) D 


Assertion :- If a proton and an electron are placed 
in the same uniform electric field they experience 
accelerations of different magnitudes. 


Reason :- Electric force on a charge is 


independent of its mass. 


(1)A (2) B (3)C (4) D 


Assertion :- When a charge is placed at a corner 
of a square, the flux passing through the square will 
be zero. 


10. 


Reason :- When electric field and area vector are 
perpendicular to each other at every point, then 
the flux passing through that surface will be zero. 


(1) A (2) B (3)C (4) D 


Assertion :- If more electric field lines leave a 
Gaussian surface than those which enter into it, then 
the net charge enclosed by that surface will be 
positive. 


Reason :- If the net flux passing through a 
Gaussian surface is zero, then the net charge 
enclosed by that surface will be zero. 


(1)A (2) B (3) C (4) D 


Assertion :- Under electrostatic conditions net 
electric field inside a solid conductor will be zero. 


Reason :- Under electrostatic conditions there will 
be no free electons inside a conductor. 


(1)A (2) B (3)C (4) D 


Assertion :- When a positive point charge is placed 
near a neutral conductor then the latter becomes 
negatively charged. 


Reason :- Induction is possible in conductors only. 


(1) A (2) B (3)C (4) D 


Assertion :- An electric dipole experiences 
maximum force in a uniform electric field when it 
is placed with its axis at right angles to the field 


direction. 


Reason :- When the axis of a dipole is 
perpendicular to a uniform external electric field, 


then torque acting on it will be zero. 


(1))A (2) B 
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11. 


12. 


13. 


14. 


15. 


16. 


Assertion :- If a positive charge is released it 
moves from higher potential to lower potential. 


Reason :- Force on positive charge is along E, 
which is from high potential to low potential. 


(1) A (2) B (3) C (4) D 


Assertion :- Electrostatic force between two 


charges is a conservative force. 


Reason :- Electric force between two charges is 
inversely proportional to the square of distance 
between the two. 


(1) A (2) B (3) C (4) D 


Assertion :- Electric lines of force are normal to 
any equipotential surface at all points on the surface. 


Reason :- Electric field is strong at points where 
equipotential surfaces are crowded and vice-versa. 


(1)A (2) B (3) C (4) D 


Assertion :- On going away from a point charge 
or a small electric dipole, electric field decreases 
at the same rate in both cases. 


Reason :- Electric field is inversely proportional to 
the square of distance from the charge or an electric 


dipole. 
(1) A (2) B (3)C (4) D 
Assertion :- The electrostatic potential is 


necessarily zero at a point, where the electric field 
strength is zero. 


Reason :- A charged particle in an electric field 
will move from higher potential region to lower 
potential region. 


(1) A (2) B (3) C (4) D 


Assertion :- In a given situation of arrangement 
of charges, an additional charge is placed outside 
the Gaussian surface. In the Gauss’ theorem 


fE. dš = = , Q remains unchanged whereas 
0 


electric field E at the site of the element is changed. 


Reason :- Electric field Eat any point on the 


Gaussian surface is only due to inside charge. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Assertion :- An electric charge is fixed in free 
space which produces an electric field around it. No 
work is done in displacing another charge from its 
position to any other position. 


Reason :- Electrostatic field is non conservative. 
(1)A (2) B (3) C (4) D 


Assertion :- Electric field lines do not cut at any 
point. 


Reason:- At any point, there is only one direction 
[AIMS 2010] 


(4) D 


of electric field. 
(1) A (2) B (3)C 


Assertion :- Gauss's law can not be used to 
calculate electric field near an electric dipole. 


Reason :- Electric dipoles do not have symmetrical 
[AIMS 2011] 


(4) D 


charge distribution. 
(1)A (2) B (3) C 


Assertion :- Electrostatic field lines never form 
closed loops. [AIIMS 2012] 
Reason :- Electrostatic field is a conservative field. 
(1)A (2) B (3) C (4) D 


Assertion :- Gauss law shows diversion when 
inverse square law is not obeyed. 


Reason :- Gaus's law is a consequence of 
[AIIMS 2012] 


(4) D 


conservation of charge. 
(1)A (2)B (3) C 


Assertion :- If a conductor is given a certain 
charge then no excess inner charge appears. 


Reason :- In electrostatic condition field inside a 
[AIMS 2013] 


(4) D 


conductor is zero. 
(1)A (2) B (3) C 


Assertion :- Electric field inside a metal surface 
is zero in electrostatic condition. 


Reason :- Electric charges exist only on the surface 
[AIMS 2014] 


(4) D 


of conductor. 


(1)A (2)B (3) C 


Assertion :- Two charged particles at rest 
experiences only electrical force. 


Reason :- Charges at rest can only produce electric 


field. [AIMS 2014] 
1)A 2)B 3)C 4) D 
(1) (2) (3) (4) Q)A (2)B (3)C (4) D 
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25. Assertion :- Electric force is the reason for | 32. Assertion :- An electrostatic field represent as 
existence of molecules. 
Reason :- At atomic level electric force is the most E=E,i+E,j+E,k satisfies Ọ xË = 0 


effective force or strongest force. [AIIMS 2016] 
Reason :- Ex, Ey, Ez are independent of each 
(1) A (2) B (3) C (4) D other. [AIIMS 2018] 
26. Assertion :- For a conductor, when observed at (1) A (2)B (3)C (4) D 


very large distance, equipotential surfaces are plane. 
33. Assertion :- Electric field inside conductor is zero 


Reason :- Electrostatic field is a conservative field. in electrostatics. [AIMS 2018] 


[AIIMS 2016] 
(1) A (2) B (3) C (4) D 


27. Assertion :- Electric field lines are always 34 
perpendicular to the surface of conductor. i 


Reason :- Charge appears on surface of conductor. 
(1) A (2) B (3) C (4) D 
Assertion :- Heart can be considered as dipole. 


Reason :- Electric flux and electric field are same 
Reason :- Electric field is always perpendicular to 


as dipole. [AIMS 2018] 
equipotential surface. [AIIMS 2016] 
(1) A (2) B (3) C (4) D 
(1) A (2) B (3) C (4) D 
. TE" . 35. Assertion :- Electric flux density is independent of 
28. Assertion :- Electrostatic field lines are mediun. [AIMS 2018] 


perpendicular to the surface of conductor. 


Reason :- It depends only on distance and charge. 
Reason :-Surfaces of a conductor are equipotential. i ane 
[AIIMS 2017] ( ) ( ) (3) c (4) D 
(1) A (2)B (3)C (4) D 36. Assertion :- For a charged shell, potential inside 


shell depends only on the field inside shell. 
29. Assertion :- On the sharp edges of charged 


: HN Reason :- Potential of shell may be determined 
conductor air get ionized. [AIIMS 2017] 


only by the field outside. [AIMS 2018] 
(1) A (2) B (3) C (4) D 


37. Assertion :- Electrostatic energy does not follow 


Reason :- Potential is higher at the sharp edges 
of conductor. 


(1) A (2) B (3) C (4) D 


superposition principle. [AIIMS 2018] 
30. Assertion :- Net charge density inside a conductor Reason Electrostatic energy density is a quadratic 
is zero. [AIIMS 2018] function. 
Reason :- Equal and opposite charges are present ()A (2)B (3) C (4) D 
in conductor. 
38. Assertion :- We cannot find electric field from 
(1) A (2) B (3)C (4)D Gauss's law for unsymmetrical charge distribution. 
31. Assertion :- Charge given to a conductor appears Reason :- Gauss's law is not applicable for 
on its surface. [AIMS 2018] unsymmetrical charge distribution. [AIIMS 2018] 
Reason :- When charge appears on surface then (1)A (2)B (3) C (4) D 
potential energy of conductor becomes minimum. 
(1)A (2) B (3) C (4) D 


EXERCISE-II (Assertion & Reason) ANSWER KEY 
ae[i]z[Ts]«L5[ps]7]5s]9[1][ [1 [15 [3 [15 | 
Ans| 1 | 3 | 4 | 2 | 2 | 1 |2 | 3 | 4 | 4 | 1 | 2 | 2 | 4 | 4 | 
Quel 16 [17 [is | 19 | 20 | zi | 22 | 25 | za | 25 | 26 | 27 | 28 | 9 | 30 
Ans| 3 | 4 | 1 | 1 | 1 |3 | 1 |2 | 4 | 1 | 2 J| 1 [| 1 J| 3 | 1 | 
PISROMRCHNKCENCEECR E ee ed 


Ans. 


3 @ Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 


ə New Delhi - 110074 56 
9810934436 , 8076575278 , 8700391727 


